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Sadami Matsushita 

1920-1984 



Sadami Matsushita, of the National Center 
for Atmospheric Research, died on March IS, 
198*1, less limn a half year allei being mid 
that he had stomach cancer, tie was horn in 
Kyoto, Japan, on February 12. 192d. the tmlv 
son of Kiyomi and Taka Taniguclii Matsu- 
shita. from whom lie acquired his life long ap- 
preciation of literature ami the arts. In 1951, 


Matsushita obtained his Doctor of Sciences 
degree from Kyoto University wheic. con- 
tinuing bis lese.uth and lecturing, he sunn 
became mie ni Japan’s leading experts on die 
subject of imKK])heric processes. In 195-1. on 
an invitation hum the Research Stall of Phys- 
ics at the Imperial College or London, he 
spent a year in England, del ore ret timing to 
his homeland. Matsushita was persuaded by 
Walter Roberts to visit the High Altitude Olj- 
servatory (HAO) at the University of Cnlutn- 
do at Boulder. Coin. The visit became a per- 
manent 29 years nfsignihcanl scieniihr cre- 
ativity at HAO (which became a part ui the 
Center tor Atmospheric Research). 

Matsushita's 163 piulcssiunal publications 
span 35 years nf dedicated research. His spe- 
cialty was die ionosphere, in particular E re- 
gion ionization and currents; ahom two thirds 
of his publications were concerned with the 
associated geomagnetic topics. He was an edi- 
tor of two major textbooks. Ionospheric Sporad- 
ic E (Pcrgamon Press, New York. 1962) ami 
Physics of Geomagnetic Phenomena (Academic 
Press, New York, 1907). In a review of litis 
latter book. E. Bullard wrote, "Those coin- 
ing fresh to [geomagnetism) as voting men, 
and their elders who have failed to keep up 
with current work, will be grateful." Matsu- 
shita contributed 17 chapters to various text- 
books and encyclopedias. He was cotuiuiudly 
invited to icvicw ionospheric and geomagnet- 
ic topics at international scientific meetings. 
He was an active lender in die Inlcrnalioual 


Association of Geomagnetism and Aeromniiv, 
the Intel nalimial Scicntilu Radin Union, llic 
American (toqihyskal Union, and tlie Society 
of Terrestrial Magnetism and Elitliicitv of 
Japan. He was a lelluw uf the A A AS. u inetn- 
herof RESA and Sigma Xi, and editor id' sev- 
eral scientiliL journals. F«n many yea is Mat- 
sushita was the principal organizer of the tri- 
ennial International Sstri |x >siu m on 
Equatorial Aemuomy. 

To manv fellow siientisis, Matsushita's 
greatest cniiirilmtion was his dissection o( tile 
physical processes involved in the ioiinsplieiic 
composition, currents, fields, and motions. As 
|iari of his professor adjoint posl at the Uni- 
versity of Colorado Department of Asno- 
Ccopiivsiis, he guided a ntimhei of supeiiur 
graduate slur lulls in their dissertations on 
these topics. Through their lesearclt his work 
continues and grows. 

Matsushita's interests extended to Japanese 
art, music, and history. He was a translator of 
ancient Japanese witlings. At times lie ad- 
vised the Colorado Universiiv College of Mu- 
sic concerning tlieit productions involving 
Japanese costumes, dame, and customs. He 
enjoyed cnlkcling antique Japanese arrow- 
heads and associated martial artifacis ami 
wrote scholarly at tides icga t iling their classi- 
fication and historical significance. He was oc- 
casionally asked to provide an a til limit alive 
appraisal of such items lor museum collec- 
tions. His great joy on weekends at interna- 
tional scicme conference trips was to discover 


j singiildrjapunc.se antique at some incon- 
spicuous shop. Mis home in Boulder was ut- 
most u mini am re museum for displaying his 
favorite acquisitions. Indicative ol his values 
and sense of stic mil it emu inn its, however, 
was Malsushila’s cherished nflice adorn incut; 
the chair used by Sydney Chapman dining 
lii.s last years at MAO. 

Walter Roberts recalls that Mm “. . .was 
never too bust to give help mid, in his cnlital 
but gentle wav, he would tell me what he 
thought was right or wrong about the matter 
I was nying to comprehend.” To alt of us 
who knew him, Matsushita was not only a 
fine and productive scholar Inn nntailingly 
gracious and patient whit (hose who sought 
knowledge or disagreed with his viewpoint. 
The world of his friends is now a little more 
empty with him gone. The world of geophys- 
ics has profited greatly by his dedicated life- 
time. 

Qmivihiuitma to the lax exempt Matsushita 
Memorial Fund me being accepted c hi Uni- 
versity Corporal ion Tor Atmospheric Re- 
search. D. A. Reynolds. Comptroller. Box 
3000, Uoultler, CO 8(1397. It is the put pose 
of this fund in publish a hound honk, of se- 
lected Matsushita rescaich papers to distrib- 
ute to all those who cniiliihiue Sll) or more. 

This l> Unite rows lantntoilfd by Wallace M. 
Campbell, It ranch uf Gluhoi Scnuialag\ and Gcu- 
uinxnetiun, l-'.S. Gculofiical .S'nnw. (Viirii. CM 
SU225. 
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News 


Natural Gas: The 
Next Shortage 

The eighth Annual Meeting of tire Gas Rc 
senrch Institute that was held in Chicag>j in 
April 19S4 focused on the |>otciuial of a crisis 
in the supply ol natural gas. According to a 
report of discussions held at that meeting, 
“Natural gas, the country's largest petm- 
chentkal feedstock, may he in short supply in 
a couple of yea is if sonic pi event forecasts 
prove true. The next supply /demand crisis 
for natural gas is likely in come in c.trlv 
1986" [Chemical ami Eiigmrrnng Sens. April 
30. 1984 j. There are a number of vaiwMcs. 
geologic and socio-economic, that mav alfcu 
this prediction. An important lacior is dial 
drilling exploration of natural gas has de- 
creased sharply, due to the onset of sharp 
tales of surplus since 1981. Drilling is highly 
scmiiive io depth and How rate. 

Since 1981, a number of gas wells have 
been sluu down, a process iluit may have 
damaged thcii usability in the Inline. New- 
drilling lias been for relatively shallow holes 
that could run out of gas in die next 2 years. 
Future drilling depends a lot on demand, 
continuation of deregulation, and costs. The 
natural gas industry was gi anted a number of 
6-year lease development awards for deep 
hosing drilling in the Gulf of Mexico. Il will 
take considerable cl rilling cfTort to bring these 
leases into production by 1989, the year they 
expire. The question nmv is whether demand 
will be sufficient to provide the necessary 
funding. 

The reason that a 1 98G crisis is predicted 
by most (but not all) natural gas company ex- 
ccvuivcs and market analysts is that supply 
and demand are expected to balance out by 
late 1985. Shortages may begin early 1986. 

Hie price of natural gas is expected to rise 
sharply then, owing to shortages and to the 
phases or decontrol and deregulation of the 
industry. The status of wells dint may have 
wen damaged due to high pumping rates in 
we past may be a factor in 2 years. The re- 
opening of shut-down wells may be another 
factor. 

The sad outcome of the present circum- 
stances is that not only will gas prices rise in 2 
yeare, bin higher prices will support imports 
again.— PA/fl ^ 

New Undersea 
Research Unit 

. T^. c first cold-water activity under the Na- 
nal Oceanic and Atmospheric Administra- 
°n s (NOAA) National Undersea Research 
ogram will begin in the Gulf of Maine in 
accor d' n g to NOAA Administrator 
in* n ■ *?y rne - The prime objective of. the 
* activity will be to survey ocean dumping 
grounds and to study the productivity of the 
r as ^"Uable fish resources. {The World 
hftn'j 18 current ty deciding on the fishing 
r.'j 7 between the United States and 
S* i m and around the Gulf of Maine.) 
retailed maps of dumpsites off PoHland, 

, 0 *V nd ® QstQn ’ Mass., will be made, fol- 
ino h ■ an attessmen t of the effects dum|>- 
f n tnurine life. Dredge spoil is 
offshore from Portland; a variety of 
troru dredge spoil to munitions — is 
Sniped 0 fr Bosion. 

emi »4 r CW und ersea research unit will be op- 
Wcticut f by the University of Cpn- ’ 

se a °R l l Cr fac . intie ? NOAA’s National Under- 
search Program include the Hydrolab 


habitat off St. Croix, opeiatcd by Kairleigh 
Dickinson University; the Sum heavier n Un- 
dersea Research Facility (SURF) with a diving 
bell and surface vessel, operated by universi- 
ties from Virginia, North nml South Carolina, 
atul Georgia; and a University of Hawaii prn- 
gtam that uses a small submersible. 

Seismologists to 
Map the Mantle 

A. DzivWMiiski ami J. Wuodluiiise Mar- 
vanl UniveiMU have developed new seismic 
models ol the vat th'.s mantle, auuuliiig to ,t 
recent tt‘|HHt. The calc illations are the results 
ul attempts t" obtain tliiee-dimensiniial seis- 
mic stnictiircs uf the mantle. Flic iomiulu- 
tions are mathematical his to seismic data, es- 
scnliallv with no major initial assumptions as 
to mantle smicuiie. That the model lias lc.t- 
itircs that correlate with known ctiistal and 
mamlc properties! has been reassuring. The 
repot t quotes Woodhouse, "This makes other 
patterns discovered in litis study highly be- 
lievable” ( Unearth an d Development, May 
1984). A first finding of the model is related 
to the homogeneity question of the upper 
atul lower mantle regions. Dziewanski said, 

“. . .ai this point uur maps show little continu- 
ity between the upper and lower mantles." 
Other findings of the new models involve the 
roots uf continental structures, which in 
South America and Africa extend into the 
transition zone to depths of about 600 km. 

The new models may be limited to previ- 
ous compilations of the seismic properties of 
the mantle by Dziewomki and colleagues un- 
der the acronyms of PEM. PREM, etc. In 
PREM, which refers to the preliminary refer- 
ence earth model, an attempt was made to 
develop a parameterized approach and, as in 
the field of geodesy, compare a reference 
model in analog)- with the reference ellipsoid. 
The result lias been met with broad accept- 
ance. The analogy of attempting to param- 
eterize normalized Functions strictly holds 
true only in terms or seismic coefficients 
(Vp.Vs), and less so for (Qu.Qk). Radius must 
be obtained from geodesic models, and densi- 
ty must be fit to models of velocity gradient 
whose exactness varies, particularly at discon- 
tinuities where detailed data may be unavail- 
able (A. M. Dziewoniki and D. L. Anderson, 
Physics of the Earlh and Planetary Interiors, 25, 
1981). Among the revelations of PREM are 
interpretations that the low velocity zone in 
the upper mantle is probably due to anisotro- 
py, the result of preferred orientation or 
mineral crystals (olivine and pyroxene). Thus, 
the low velocity 2 one may not be due to a 
heated zone as previously thought. 

Anderson extended the model-making ef- 
fort recently and called his approach "earth 
tomography" (S ee£«. April 17, 1984, cover 
and May 8. 1984. p. 346; also see Science, 223, 
347-355. 1984). He described the analop 
with medical practice as follows; “. . .tech- 
nique similar to medical tomography being 
used for imaging with seismic body and sur- 
face waves." There is a departure from the 
PREM approach In that geochemical reason- 
ing and calculated mineral properties were 
fed into the modeling procedure. A cbnclu- 
sion was drawn that olivine mineralogy {actu- 
ally, olivine chemical component or stoichi- 
ometry) tvas not dominant in the earth as 
would be the result pf having pyrojtie model 
compositions in the mantle. According to An- 
derson. 'The transition region, therefore, ap- 
pears to be mainly garnetite, radier than oliv- 
ine and Its high pressure fophs. : . 

The consequences of this model and of . 


PREM are that a litimber nl standard as- 
sumptions about (lie earth's interior may he 
questioned. That the low velocity zone in die 
upper mantle is not a liigh-icnqici-uline zone 
could adea thermal models of upper mantle 
convection ineelianiMtis, and that the 4tH)-km 
seismic discontinuity is not mainly due in the 
olivine-spinel transition, and. indeed, may not 
be a valid ilisriiiitiiiiiiiv at all, timid lx- dilh- 
culi to accept in the context of iainiliar mod- 
els ol the transition /one. There is essc-ntiallv 
im olivine-equivalent loinpotiuni in the tran- 
sition zone and louei mantle, lidding a pet- 
oiskitc lower mantle that would mean lh.it 
Wv of the earth's loliinic wax made ol sili- 
cate perovskite. 

How ate we to know how to inier|nc-l 
Dziewomki anti Anderson's models and their 
soon-cxpecicd ilcnvuttves* Aside I nun pure 
reference data n.e., seismic velocities coordi- 
nated with the earth's radial distances in 
three dimensions) the rnnsequenres are at 
ptesclil sublet t to the uniqueness ol ituc-tpre- 
ration and to the validity of physical proper- 
ties of mantle minerals calculated over great 
depths in the mantle. Ground truth for these 
interpretations lies ill extensive seismic data. 
Ground truth must also lie in valid mineral 
data for the intense conditions uf the mantle. 
The newly emerging field of mineral physics 
will have to supply litis truth . — PMO 


Acid Rain Study 
in Gulf of Mexico 


As part of the continuing investigation into 
the sources and mechanisms or acid rain, a 
research project sponsored by the National 
Oceanic and Atmospheric Administration 
(NOAA) will attempt this summer to find out 
if natural substances blowing inland from the 
Gulf of Mexico might be partly responsible 
for the acidic rain that afflicts the mid western 
and eastern United States. 

A research team flying a Beechcraft twin- 
engine airplane will sample air quality at vari- 
ous points offshore, along the Gulf Coast, 
and inland to measure concentrations of 
chemicals that are "arid precursors." These 
precursors— sulfate, sulfur-containing gases, 
and alkaline materials— form naturally in the 
Gulf, its estuaries and coastal wetlands, ac- 
cording to the project’s principal investigator, 
Rudolf F. Pueschcl of NOAA’s Environmen- 
tal Research Laboratories. The chemicals rise 
into the atmosphere and are carried inland , 
by onshore winds; the NOAA study group 
would like to know more abmu their concen- 
tration as they move northward over the con- 
tinent. 

During periods in the summer when stalled 
hiffh pressure areas in Lite Gulf and off the 
Atlantic const of Florida are forcing air mass- 
es Inland, the research airplane will fly sam- 
pling missions twice daily. The plane is out fit- 
ted (or trace gas analysis, cloud and. rainwater 
collection, anu measurement of aerosol size 
distribution and elemental composition. The 
flights will run parallel to the coastline at a 
distance of roughly 30-50 km offshore, ns 
well as along the coast and at various dis- 
tances inland (depending on how long the 
winds blow onshore). Samples will also be tak- 
en from within offshore clouds to collect data 
on how these clouds accumulate chemical 
compounds from the water. 

The flights will originate from points be- 
tween Corpus Clirisli and Houston, Tex., and 
from Mobile. Ala., east across the Florida 
panhandle. "Selection or these areas [wheta 
Onshore winds can blow For 2-3 days] fol- 
lowed examination of weather conditions in ■ 


the Gull for tlie |>nxi 5 vtaix." including to 
Piieicliel. The (roll of Mexico study is part of 
the National Acid i’leiipilittioii Assessment 
Program, a imihi-ugeticv iiivesligaiinii ol acid 
rain, and is being lonilticieii by the Air Kc- 
iuiiKCs Laboratory, pari <»t NOAA's Environ- 
mental Research UilK>rat ories in lb ml tier. 
Colo. 


In Congress: 
Upcoming Hearings 


The following healings and ni.iikups have 
been lcnt.it i veil scheduled lor (hemming 
weeks In the Mouse ol Representatives. Dates 
and times should he vciilieil with the i«im- 
mittcc or subcommittee holding the hearing 
or markup; till offices on Capitol Hill mav be 
teat lied h\ telephoning 2D2-'J'_*-I -312 1 . for 
guidelines mi com acting a metnlx-r of Con- 
gress. sec .4Gt"i Guide h Ltgislutn e hifommliuii 
and Contacts (Em. April 17. 1984, p. 159). 

June 14: Conference lomrnitice on the Ex- 
port Administration Act rc.iii(liorizu(ioii (S. 
979). Capitol Building, Room S-207. 2 I'.M. 

June 25: Hearing mi the Nation al Minerals 
and Materials Policy Coordination Act (ILK. 
3717) by the Mining. Forest Management, 
and Bonneville Power Ad minis) ration Sub- 
committee of the House Interior atul Insular 
Affairs Committee. Longworth Building. 
Room 1324. 9:45 A..M. 

June 26: Hearing un legislation subjecting 
the Coastal Zone Management Act (ILL. 94- 
370) to federal consistency provisions (H.R. 
4589) by the House Mercliant Marine and 
Fisheries Committee. Longworth Building, 
Room 1334, date and time tentative . — BTR 


Mapping the EEZ 

A cooperative, multi-year program to map 
the largely uncharted Exclusive Economic 
Zone (EEZ), begun last month, has the poten- 
tial for piggybacking scientific observations 
and research. On March 10, 1 083, President 
Ronald Reagan proclaimed the mineral- rich 
zone as the area between the U.S. shoreline 
and 200 nautical miles outward. The United 
States has sovereign rights for exploration, 
exploitation, conservation, and management 
of all living and nonliving resources within 
the zone. 

The National Oceanic and Atmospheric 
Ad min isi ration (NOAA) anil the U.S. Geo- 
logical Survey (USGS) will cooperate in the 
projecL that will map an area nearly twice the 
area of U.S. land. USGS responsibilities in- 
clude definition or seafloor geology and defi- 
nition of geological processes and resources, 
including sand and gravel, pincers, phospho- 
rites, manganese nodules, cobalt crusts, and 
sulfides (Eos, March 20, 1U84, p. 105). 

NOAA, meanwhile, will be sun-eying, map- 
ping, analyzing resources, and manuging fish- 
eries, 

Mapping began in the Pacific near Cape 
Mendocino, Calif. 11 ic west coast will be sur- 
veyed this year and next, followed by Alaska 
in 198G, the Hawaiian Islands in 1987, and 
the trust territories after that. No schedules 
have yet been set Tor the east and Gulf coasts. 

. NOAA and the USGS are encouraging the 
piggybacking or observations and sampling in 
related areas during the dala-gathering 
cruises. For additional information, contact 
Adm. John Bossier, National Ocean Service, 
NOAA, 6001 Executive Blvd.. Rockville, MD • 
20852, or Terry W. Ollield, USGS. 915 Na- 
tional Center, Restdn, VA 22092.— Z# 77? 
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Fundamental Concepts in 
the Numerical Solution 
of Differential Equations 

J. !■'. ftuihsi anti Cl. F. Finder, "Wik-v- 1 nicmci- 
cncc. New York, 2U2 pp.. 1983. 

Ilfvifuwl by J . A. Liggett 

This l)n»k is ri-lalivi-l) short, dliiuit 21)0 
pages, organized into seven i Eiapirrs. The 
first i haptcr wls the scope liiicI objectives ami 
contains a note on nnniiinn. The next chapter 
uni tains the fundamental Lciinepis that arc 
(lie key to l lie pre.se n till ion a in I ihc suit hoi s' 
philosophy on 1 1 inner kill iiicllnuls. Chaplet' 

-I— li i real elliptic (l*nisson\ et piatini i), para* 
Indie (the (lilUision iqiisiliim). iilttl hyperbolic 
partial ilitleretitial equations, respeclivdy. 

'I lie List chapter shows the .solutions ol‘ cer- 
tain cases with singularities ami tun i lit tear be- 
havior. The hnundary element method is 
hriefiv discussed in chapter -I; the medujrl of 
rhiii'iictcHstirs is discussed in clmpter 6. 

Tliis honk livings a much needed unifying 
point of cine to the niclhnils of finite rlilfct- 
cnees ami I mite clement*. The aulhurs treat 
Ixrtli nit'll ii h Is lit mi the lieispcrlivc of using 
inirr}inl.iiiiig |Milsiioitiials. Tiie finite eleinciil 
method ■« solved mile with the nu t In id of 
weighted tesidiiids, which ill nun uses only 
G. tier kilt and colli xni ion (crlniiiiiie*. It i« re- 
I resiling dial die liunk makes valid loiiquii- 
soils beiweeii I milt diiln ences and finite ele- 
ments. Finite dilli'i ctucs are mil dead and 
aie mil in lie completely replaced liy finite el- 
emenls. A I the end nl each c haplci the au- 
thors preside ;t suininarv whit It nuers die 
iiiniit miiiliishms til the chapter. '1 hi* sum- 
mars nlteit points in die telalive advantages 
amt disadvantages ol die melltnih in die 
t liapier. I his soil ol guitlam e is. iinlnim- 
natelr, l.ite among luniks dealing with tiu- 
iticitial inetluiils. and its appearance in this 
I it ink is innsl welcome. 

I here appeals In lie twit kinds nl trunks un 
litmicikal methods: the “how ln"lnx»ks that 
explain the element* of nnmerit.il Miluiiniis 
aiul allenipi to instill an intuitive feel for die 
pint css and die “.nulysis" type tli.u explains 
liow numerical inelhuds liinctiuii mi a inailie- 
niiitiial lusis. Most engineers and applied sci- 
entists hare link* time for the second type, 
perhaps m dieit denimem. fit is In ink ap- 
pears to straddle die fence between these two 
tv pc*. How well the auiliors manage this bal- 
ancing ad is dependent on the reader's point 
of view. Few si tide tits who are learning nu- 
merical methods. es|tctially with the goal of 
applying them to practical calculations, could 
appreciate detailed mathematical analysis. On 
the other hand, flic analyst miglii hecumc im- 
patient with some of ike element .try explana- 
tions. The Irouk lends tri he most valuable for 
those who already knnw practical numerical 
methods, especially those who learned it in :i 
liaptu rat'd wuv. in that il unifies some nr the 
technique*. compares met lint Is, and puts 
them on a Loinumn ground. From that point 
of view I thoroughly enjoyed reading this 
book. 

The authors state on the bonk cover that it 
can serve as a text in graduate or undergrad- 
uate courses nr as a reference lor engineers, 
research scientists, numerical analysis, and 
computer programmers. In serving that audi- 
ence the hook seems to have a number of 
shortcomings. It is written rather unevenly, 
assuming in sonic parts that the reader is a 


neophyte in numerical methods and mathe- 
matics, and in other parts that die reader has 
considerable knowledge. In separate places 
there ate explanations of the dassilkation of 
partial dilfereiilial equations and Gaussian 
quadrature (william treating the significance 
of the runner or the Iwsis of the latter) which 
must he elemental y to a student who could 
read anti understand the dilTiruli section mi 
consistent y, stability, and convergence. The 
authors point out that tile liook is free l mm 
specific engineering and scientific jargon but 
must com|>ensHie by ini hiding considerable 
mathematical jargon which will he a hin- 
drance to must engineering and applied sci- 
ence students. There are examples in each 
chapter and problems m the ends of the 
chapters, but these are of a mathematical na- 
ture and would not serve to motivate the ap- 
plied student. Early in chapter 2 there are 
two theorem- prunls (those most hated arti- 
facts I rum some long forgotten mm I tenuities 
course), but none in die remainder of I he 
book. 

The miration is n minor point bill some- 
what annoying in my reading of the book. 
Differentiation is symbolized by a capital D 
with a subscript demiting partial differentia- 
tion mid a superscript denoting the order. I 
often round myself turning back (xtges to 
finrl the definition of symbols. Itt a few places 
the syinlxil* appear to have multiple mean- 
ing. For example, the slum section on Gauss- 
ian qitadt at lire uses. I for weights and a for 
sampling points, exactly the same as used in 
the immediately previous section for area and 
nodal coordinate. Alsu, on occasion some of 
the mathematical or numerical jargon is un- 
defined or defined after the point of first us- 
age. There arc n number of places where the 
authors could have made the book more 
readable. 

The reader must constantly keep in miiul 
the limitations of this book. The authors have 
not attempted a comprehensive text in terms 
of piohlcms. examples, or numerical tech- 
niques. That fan is apparent in the iluce 
chapters mi elliptic, paialxilic. ami hyperbnlic 
ci|iialitiits. It wits most apparent to me in die 
liyperlxtlic chapter, which barely mentions in 
a single, unnumbered equation only one fi- 
nite difference implicit scheme. The Galerkin 
method is deemed unsatisfactory lor hyper- 
bolic equations without mention uf the Galer- 
kin-IVlrov technique. Reasonably frequent 
tefei ernes to the literature do not i"inpen- 
satc lor the omissions. 

Owing to the above mentioned limitations. 

I cannot recommend the bunk as a text, one 
of its stated objectives. I would, however, 
highlv recommend it to those interested in. 
and with some previous knowledge of. nu- 
merical methods. It would, indeed, be a rare 
reader who would not learn and benefit from 
live authors views. 

J. A. Liggett ii with the Defuirtmeut of Enviiuii- 
iri fatal Engineering, Cot util University, Itlinca, 
jVn»' York. 

Arctic Energy Resources: 
Energy Research 

Louis Rey (Ed.), vol. 2, Elsevier, New York, 
1983, x + 366 pp., $78.75. 

Reviewed by George Crye 

Arctic Energy Resource* is a volume of 26 pa- 
pers recording the proceedings of the Co- 
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mite’ Antique International GnnlereiKe. held s 
ai the Veritas Centre. Oslo. Norway. Septem- ' 
b e| . oo_24, 1982. This was the fourth nl a *e- t 
ries uf meetings on the Arctic organized hy * 
the Coniitc*, an organization established in I 
the Principality of Monaco with the active t 
support of H.S.H. Prince Rainer III. The 
fourth Conference was opened by H.R.H. 1 
Crown Prins Ha raid of Norway, a noble be- j 
ginning for a noble objective. 1 

The North Polar Region lias drawn world 
attention recently because of several large hy- 
drocarbon and other mineral discoveries and 
because of major political and environmental 
actions in the North American Arctic. Since 
1923 when Naval Petroleum Reserve number 1 
4 (NPR-4) was established, northern Alaska 
has been considered a major petroleum prov- 
ince. It was first explored systematically with 
modem techniques from 1948 to 1953. In 
1958, Alaska became a slate, and both federal 
and stale lands in nonhem Alaska were avail- 
able for private exploration. Building on die 
knowledge base provided by the Pel -4 pro- 
gram and its spinoff research laboratory nl 
Barrow, industry explored the area cast of 
NPR-4 and discovered the largest hydrocar- 
bon accumulation (9.6 bbl crude oil and 26 
Tcf (trillion cubic feel) gas) in North America 
at Prudltoc Bay. Concerns for environmental 
impacts, including oil spills, led to the passing 
of die National Environmental Policy Act in 
1969. In 1970, over 9 million acres were set 
aside, now known as the Arctic National 
Wildlife Range, and in 1971 die Alaska Na- 
tive Claims Settlement Act was passed by the 
U.S. Congress. The Arab oil embargo of 
1973 heightened the energy crisis and 
changed the economic basis for further ex- 
ploration in the Arctic. The convergence ol 
these events dramatically changed the balance 
of power and the pace of activity in the 
North American Arctic. 

Since the Prudhoe Bay discovery, addition- 
al petroleum resources of a few billion barrels 
of crude oil and nearly 25 (Tcf) of gas have 
been discovered on the North Slope of Alas- 
ka nml adjacent Canadian Arctic regions built 
onshore and offshore. Pcl-4, now the Nation- 
al Petroleum Reset vc in Alaska, has under- 
gone another exploradon prugram and has 
been opened to leasing. Base metal deposits 
have been produced in the Canadian Arctic 
for many years and a new world-class lead 
and zinc province has been delineated in the 
Brooks Range of Alaska. Coal resources »m 
the North Slope may be equal lo or exceed 
those of the rest of the United States com- 
bined. Proposals are being debated currently 
in the U.S. Congress that would establish a 
U.S. Arctic Science Policy and provide a 
mechanism fur continuing research. 

All of these events have had and cotuituic 
to have worldwide impacts. Conferences such 
as the one recorded in this volume help iden- 
tify problems and provide summaries of cur- 
rent knowledge of the Arctic. 

Contributions to the conference came I rum 
nine nations and did not include the Soviet 
Union. These contributions cover nearly all 
aspects of the subject, ranging from history 
and philosophy to environmental ethics, from 
descriptive geology to plate tectonics theory, 
and from drill rigs to submarine tankers. 

This volume of stalc-af-llic-art summary pa- 
pers would be useful, particularly to govern- 
ment heads. politicians, managers, and other 
decisionmakers on Arctic issues. Howe vet, it 
would serve only as a beginning or review for 
the researcher with more focused interests. 
The volume is organized in four pai ls that 
presumably parallel the sessions of the Cun- 
ference; section 1, Opening Session: section 
II, Occurrence of Energy Resources; section 
IM, Technological/Economic Aspects of Ex- 
ploration/Exploitaiion of Arctic Energy Re- 
sources; and section IV, Environmental and 
Social Impact. The papers in the first section 
by Louis Rey and Tore Gjelsvik are fascinat- 
ing and very instructive. In about 25 pages 
they summarize the history, geology, re- 
sources, environmental problems, and socio- 
economic impacts of Arctic energy resources 
and development, Key’s encyclopedic grasp 
of a wide range of scientific disciplines and 
Ins telegraphic but nearly poetic writing style 
make for instructive and yet enjoyable read- 
ing. These papers should be required reading 
in the several seals of government, especially 
Washington, currently wrestling with ques- 
tions of policy and operations in the ArcLic 
Geologists and geophysicists will be inter- 
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Chemical Hydrogeology 

William lhuk and R. Allan Freeze foils.), 
Benchmark in (init., vol. 73, Hutchinson 
Ross, Stroudsburg, Pa., xv + 416 pp., 1983. 

Ih'virwnl by (1. H\ Fetter, Jr. 

We hydmgrologists have waited for many 
vent s and some 70 volumes ol die series of 
ftniclinnnh Fa fun in (Irnlngy (I liilcliilisun Krj») 
lor a del utilise review ol the theoreikai de- 
velopment ol hydrogeology. Our patience lias 
been le warded with two volumes, Physical Hy 
ilrogenlngy (edited hv R.A. Freeze and IV. 

Back) send Clirmniil tlydri>g>iilvg\). From a his- 
torical perspective, this appear.* to he a logical 
division ol the subjcLi. The two blanches of 
hvdrogeology evolved along separate path- 
ways lot many yea is. In the 1 '.Kin's dieinllu- 
Olicc of the ground watei Mow legime cut the 
geochemical nature of ground w.uci was lirst 
described in a qualitative was. lit a I97U 
Mcin/cr A waid- winning pa pci. the syner- 
gism* of grot n id watei How. chemical ihermu- 
dynainks, and mineral cc|uilihiia wcie elo- 
quently dc.su ilx'd l»s line k and ll.uisluiw. The 
1970's saw mass naiispciiT equations devel- 
oped whereby physical How "f groundwater 
and transpoii ol tousci valise solutes were 
quantitatively linked. Cum ni icseauli driven 
by the need to understand coiii.iiiiinjiti train* 
port aiul attenuation met. lull ism* in grmiitd- 
water is mi linking pit v steal and rlicnii'al I')* 
drogcnlogy that Inline review volumes may 
not he so lonveiiieitllv divisible a* dwse. 

('.hiuiiriil llyilntgeuhigx is divided into live 
sections, with a total ol *29 papcis reptci- 
c l need, some in liit-h entirely and "then 
width have been excel (tied. Ihe papers in- 
clude their original lists ol ivletem.es. al- 
though some citation lists have la-cn short- 
ened il only a pari of the original pipet w.n 
rcpicxlmcd. Faith section is pi flat eel livo"' 1 - 
tnciils I iv the edilors giving their (>eis|i«xtivc 
of the development ol that partinilai aqtcrt 
of chemical hydrogeology. I hc.se comment 
sections ate t it lily endowed with relviciKcs 
to (tapers, mam of which can also Ite lomw- 
eted c lassic s in the field. Some ol these oif' 
papers were text long l«» he included in H‘ c ^ 
view volumes while others are uii|X»rt®n | wx ■ 
books. All of the |xtpers repnxlinecl in 
rut llylrugenhigx nre reluletl to Nmdt Auu-‘ rl 
rail studies. . . 

Part I i oniums nine |ki|h-i* |niblisli«1 two 
ing what the editots let in the evoUniuiiiiry 
period. An additional 1 1 papcis arc 
the editors in their i iiinnieiiis. 1 1* 1 ' ^. v,,|u . . 
ary period papers inc lude those dealing * 
ways ol iv|treseniiiig the results ol c .‘ h 
atuilyses us well as presenting soine basic 
drogecx hetnic al reactions. . 

Part II deals with the occurrence aiu R 
cheinit itl significaiire ol salt water anti c 
tains seven selecrions. The wlliort* ««« 
eluded a thorough discussion ol 
develci]imciit of the body nl kniwleug 
diis subject, citing an additional 4 J teje ' 
enccs. The topics of the (tapers iitrfu 
water imniskm. membrane properties 
shale, saline water in marine scduncn ) 
rocks, and gcndiemical reactions m v ° 8 
the mixing ofTrcsh and saline waten- 

Part III examines the equilibrium 
proacli to the study <»l chemical nyat 
ogy. The revolutionary as|tects of ,ni , Jj up 
are highlighted by six articles and ua 
by 38 citations in the editors’ c0, V niC ., r ijoii- 
tion. The papers primarily exam me 
ate equilibria but one paper ad " re " uier 
; equilibrium chemistry of iron. A comp . ? 
program for calculating chemical «1 
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reader with the desire Im some pii-M.-maiimi 
of the most up-to-date kin ov ledge in this 
area. 

(Jtfixk'tf llydrogeitlfgy accomplish* -s ihe goal 
of the editors to “present. . .(xqiers that dem- 
onstrate the historical ilevclo|nncin of the sci- 
ence of chemical hydrogeology." The cdiluri 
do note that "one topic, of gicni sign i I nance 
to science and society not covered in snlli- 
cient detail i* (lie diem ical liydrogeolngy of 
containiiiHlcd systems.'' I concur with this sis- 
sessniem and regret that space fur two ui 
three seminal (tapers on this topic was inx 
available. This would have nicely ujinpk-icd 
the section on heat and mass transport. De- 
spite this shortcoming, Cheiniml Hyihugcnlogy 
is an excellent review volume. It is suitable as 
a source book for gi initiate level sen limits in 
chemical hydrogeology and as a reference 
volume on the shelves of pmlessinnal hvdrn- 
gcologists. 

C. IF. Fetter Jr. is with the Vniifiwily uf IFis- 
consin, Oshkosh, IF/ .5 -Will. 
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Cover. This scanning electron micro- 
graph show s an occurrence or fr.nmboidal 
tnagneiiic in the Essebi CM carbonaceous 
meteorite. Notice that the magnetite crys- 
tals making up the rrambukl arc very uni- 
form in size, being 0.6-0.7p.m across. Al- 
Mtough somewhat malformed, these crys- 
tals sltotv well-developed crystal faces. 
Terrestrial framboids. bo)h pyriLe and 
iron oxides, seem to require low-iempera- 
fore aqueous environment for formation. 
Similarly, the franiboidal magnetite shown 
here and seen so far in only eight of die 
more than 2000 meteorites is thought to 
be the result of low-temperature alteration 
by liquid water of the carbonaceous mete- 
orite parent body. The magnetite forma- 
tion occurred very shordy after the forma- 
»on or our solar system. This rare occur- 
rence of a Tramboid along with other 
unusually magnetite morphologies in the 
ssebi, Bells, and Haripura CM carbona- 
,0nc * r ’ lea " ere reported recently at 
be Fifteenth Lunar and Planetar)’ Science 
^onterence by M. Hyman and M. W. 

As'»» , iT e ^ artmenL Chemistry, Texas 
wiUniyeniiy, College Station, Texas, 

7.' ^^8 er * Department of Geolo- 
vT _ tc Pben F. Austin State University, 
acogdoches. Texas, who provided the 
cover photograph, and by A. M. Davis, 
James Franck Institute. University of Chi- 
* a .^ E. Olsen, Department of Geolo- 
fl' J 1 *" Museum of Natural History, Chi- 

SEJ lno “' ^ baris I0 ^ m ^ng. 

fohoto coutesy of Marvin Rowe, 
department or Chemistry, Texas A&M 
fo'erstiy, College Station, TX 77843.) 
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Accretion Tectonic < m the Cirnim-Paeipc Region*, 
M. Hasliimoto and S. Uyccla ter Is.). A, tv. i u 
Earth and Plaun. Sti., D- Reiflcl. Uingluim, 
Mass., viii + 357 (>(>., 1983. 885. 

Arc VtJraiihm: Physics and Tectonic *. I). Shimn- 
zuru and 1. Vokuyama (cds.), :\di>. in Earth 
and Planet. Sri., D. Reitlcl, Hingham, Mass.. 
‘263 pp., 1983. $65. 

Astrophysics and Space Physics Reviews, vol. 2, R. 
A. Zyunyacv fed.), Harwood, New York, 
viii + 449 pp., 1983. 185. 

Atlas of Continental Displacement: 2tHJ Million 
Years to the Present, H. G. Owen, Cambridge 
Earth Sei. Ser., Cambridge Univ., New 
York, vii + 159 pp.. 1983, S2H.95. 

Atmospheric Turbulence: Models and Methods for 
Engineeiing Applications, A. Pannfsky and J. 
A. Dutton, J. YVilev & Sons, New York, xix 
+ 397 pp., 1984. $49.95. 

Carbon Dioxide: Current Views and Developments 
in EueigylCliinate Research, W. Bach, A. J. 
Crime, A. L. Berger mid A. Lcmgheuo' 
(cds.), D. Reidel, Hingfuun, Mass, xvii + 

525 |>p., 1983, $72. 

Continental Basalts and Mantle Xeuolitlis, C. J. 
Hawke* worth and M. |. Norn fods.l, Shiva, 
London, viii + 272. 1983, £]2.AU. 

Developments in Prreambiian Geology 6: 1 mu 
Formation Farts ami Pioblcm.s, A. F. Trciiilall 
and R. C. Morris feds.), Elsevier. New 
York, xiv + 558 pp.. 1983, $106. 

Early Piotervzoir Geology of the Girnl Lakes Re- 
gian, L. ll. Mcdaris, Jt. led.), Geologic. al So- 
ciety »»r America. UnuUler. v 4- 141 pp.. 
1983. $28. 

Effluent Tinnsport and Diffusion Mwlels for the 
Coastal Zone, D. C. L. Lam. G. R. Mtirthy. 
and K. U. Simpson, Lecture Notes on Coastal 
and Estuarine Stud., t ml. 5, Spi inger-Vet lag. 
New York, ix + Ki8 pp.. 1984. 




Energetic Inn Composition in tin- Earth's Magneto- 
sphete, R. G. Julinsnn (cd.). Adv. in Earth 
and Planet. Sci., D. Reidel, Hingham, Mass., 
vi + 438 pp., 1983. $93.50. 

Engineei* mid Elections: A Century of Elect! iced 
Pi ogress, D. Rvder and G. Fink. IEEE, New 
York, xix + 251 pp., 1984, $29.95. 

Epicenters of Northeastern l ! uiterl States mid 
Southeastern Canada. (Jnshnie mid Off-shore: 
Time Per ini I534-I9SU, (i. ,Y. Nutt is tnl.t. 
Map and Chart Ser. 38, The State Ed item ion 
Department, Albany. N.Y.. 39 op.. 1983. 

Explosive Volcanisin: Inception. Evolution, mid 
Hazards, Geuphysks Study Cninmillee, 
Geophysk* Re.seardi 1‘uniill, Commission 
on Physical Science*. Mat hematics, mid Re- 
sources National Resvavth Council, Nation- 
al Aindemv Press. Washington, D.C., xii + 
176 pp.. 1984. $24,511. 

The First 23 Years in Sprite, A. A. Neeilell (Ed.), 
Smillisnuian, Washington, D.G., xii + 152. 
1983, $12.50. 

Fundamentals of Meteorology (See. Ed.t, L. J. 
Baiian, Premicc-Ilall. Englewood Cliffs, 

NJ. xii + 304 pp.. 1984. $26.95. 

Geochemical Aspects of Radioactive llVu/r Dispos- 
al, D. G. Brookins, .Sptinger-Verlag. New 
York, xiii + 3-17 pp., 1984. 

Great Lakes Ice Atlas, R. A. Asscl, F. H. Quinn, 
G. A. Lcshkcvich. and S. J. Uulsettga, 

NOAA Atlas Number 4, Great Lakes Envi- 
ronmental Research Laht union, Ann Ar- 
bor, v + 115 pp., 1983. $13. 

Groundwater Con lam mutton f i otn Humidons 
lFat/ii, lYiiifcun) University Water Re- 
sources Prugram. Prcnt ire- Flail, Englewood 
Cliffs. NJ, xii + 163 pp.. IDH-I. $27.95. 

Groundwater Contamination: Studies in f'ovfihw- 
ics, Geii|iliy.sks Study Cnminillee. ('•copliys- 
ics Research Forum. Commission on Physi- 
cal Siicnt.es. Malhemaiks, and Kesouite*. 
National Koeaitlt (Uumt.il. Nalinn.il Aiad- 
etliy Press, Wasliingion. D.C., xii 4- 179 
pp.. 198-1. $17.95. 

Hidden Wealth, Mmnul Exploration I'rthniaue \ 
in Tiupirnl Fomt Areas, D. [. C. [.inning .md 
A. K. Gihln (eds.). ACID Rcfr. 7. Cornell 
Univcisity. vii + 222 un., Itluua, N. Y., 
327.51). 


The History of the Earth's Crust, D. L. Eiclicr, A. 
L. McAlesicr and M. L. KnUinaii, Founda- 
tions of Earth Science See., Prentice- Hull, Eu- 
glesvrod Clifts, NJ. 197 pp., 1984, SI 8.95. 
Hydropower Engineering, C. C. Warnick, ill col- 
laburaiton with H. A. Mayo, Jr., |. L. Car- 
sou and L. H. Sheldon, Prentice-Hall. En- 
glcwoud Clifts, NJ, x + 326 pp., 1984. 

The Internatranai Karakoram Project vol. ] , K. J. 
Miller (cd.), Cambridge Lbiiv., New York, 
xxx + 412 pp.. 1984. $79.50. 

International Society for Rack Mechanics, Inter- 
nntional Congress on Rcxk Mechanics, vol. 

1. Melbourne, xxx + 689 pp.. 1983, S250. 
International Society for Rock Mechanics, Inter- 

iiaiinunl Congress on Rock Mechanics, veil. 

2, Melbourne, xxxiii, + 841 pp., 1983, 
5250. 

The Legal Regime of Fisheries iu Ihe Caribbean 
Region, \V. K. Edestm, and J. F. Pulvcnis, 
Lecture Notes un Coastal and Estuarine Stint, 
id/. 7, Springe r-Vcrlag, New York, x 4- 204 
pp.. 1983. 

Mesascale Meteorology : Theories, Oksenulions and 
Models, D. K. Lilly and T. Gai-Chcn (Eds.). 
D. Reidel, Hingham, Mass., x + 781 pp., 
1983, S88. 

Sawkins, Minerals and Rot Its, vol. 17, Spring- 
er- Verlag, New Yoik, xiv + 325 pp., 1984, 
$38. 

Migrant ites, Melting and Metaiaoiphisui, XI. I*. 

At her tun and C. D. (tribble (eds.), Shiva. 

L< md< tit, x + 326 (>]j.. 1983, £25. 

Mineralogy: Concepts and Principles, F. Znluti 
and J. H. Smut, Burgess, Minneapolis, 
Minn. . x + 505 pp., 1984. 

Mount St. Helens: An Animtutcd Hihtiogrnphx. C. 
D. I bn uly and l>. A. Tyckusmi, Siarei-r ow, 
Xfeiudic-n, N.J., viii + 2*19 pp., 198-1, 
317.50. 

Correction 

In .1 previous New Piihliouiims list lEu\. 
Janiiarv 17, 198-1. p. 20). the | trite of Stdar- 
Ter rest nal Physics was incorrectly listed; it i* 
$115. In the same list, Man, ,4 Gioiiunfilni/ugi- 
ml Agent, should have shown Dm Nil its the 
author. 


RATF.S PER LINK 

Positions Available. Services, Supplies, Courses, 
and Announcements: tusl uiM-ilkHi S.VtNl. .«■!- 
dniuiLil hi *c-n mu* 51.23. 

Positions Wanted: Inst t inert iun S2.U0. .iilditicin- 
al insert loin SI.Mt 

Student Opportunities: lira lli*iTU»*li tin,-, .ulili- 
■ lulial nisei I * VJ UU. 

There .iic iiu (liSLiiiitiu nr umiiiiinimu on 
ckiwiltrri mW Any tipe sole tli.u is nut publish- 
er's vhnkr i* charged at general .iihcnhiiig 
rates. Em n published wceklv on 1 uesdm Ails 
must be received in writing bv Mnndas. I week 
(iriur m the date ol pnlilicuiiun. 

Replies ru ads with Imv numbers should be 
addressed tu llux — American Geophysical 
Union. 20ftt Hurirla Avenue, N.W.. Washing- 
ton, DC 2(1000. 

For more iiifurinaiiun. call 202-462-690S or 
loll free 800-424-2488. 


Postdoctoral Research Associate in Mineral Phys- 
Ica/Mineral Chemistry. IN imih > n .u.tilabU- iiiuiic-di- 


Jielv tm proui.tin iinuhing c\|k- nmciii.il .md ilieo- 
reiiej|tr\st.ilihemi*m. p.iriiiularh at higli k-iit- 

C ei-.ilurt-s .mil (Ill-suite*. < .mdnUic-s slumfd have ,i 
jckgruuiid in miner. il plnshViiiiucral clieinisin. 
with denim isirju-d ability .md experience in singlc- 


Crvaial X-rav diirnmi'in imiiniipies. cuiiipnrer pro- 
Hl.iliiilniikj .nut > li.tin- >knl .uud icll eX|>-iiineiil« 

Sal.m 52*i.i mu lur mic \e.ir with pussible u-in-w.il 
up lu iliree *cji» l«it.il. Send vita and iwu rvlercnce 
Iciicts tu: Pi.'fcs'ur GT. Prewitt. Department u| 
Ejrtli and Space Sciences. SUNV Slum Bmuk. 
Stnnv Break. NY 1 17'Jt. 

SUNY Sioiiv Drunk is an affirmative ariimi/cqiial 
opporiuniiy cducJtnr and cinpluyer. AK ] 14-84 


Atniosplicric Research Scientist. In wmk ..n lid- 
erallv 1 in utcil (i|ii|i-i is nit'ilung t.tl UI •• ir.it m* .md 
field expo iineni* at id dii fiier.u me anil data review 
and assessment. I’reler an M.s. with re*e.irvh «-\).e- 

rieiice and peer i .-Mr- wed pnlilit.n * m a Ph l». in 

pliYiit.il sciciH'- nr cnguieeimg. Prefn sln-ng Lick- 
gruunil in ainiasphi-ni thc-inisov Uiermnls. gases, ur 
preiipiiatinnt In it water nr suit ■ lien lists would In- 
■ ■■mideii-il Siuuig skill* in >.|.il .ni*l win it ii (TtMii 
1.1111111 ul re*c.iuh results are icqiiin-d PuMtinn ideal 
fur aniliiinuis vt.uiig profesHimi.il itneu-*led in de- 
veloping their own research area. Write Lli. Donald 
(latz. Illinois State Watei Survev . P.O. line iN.'itl, 
Siatiuti A. Champaign. IL 618211. 

The L'nivcrsits ufTIlinuix is an Afhrm.iuvc At nun 
Equal Opponuitiiv Empluver. 
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INTERNATIONAL GROUND WATER MODELING CENTER (IGWMCj 
offers a 4-day Workshop/Samlnar In 

EDUCATIONAL ASPECTS OF 
GROUND-WATER MODELING AT UNIVERSITIES 

July 23-26. 1984 

at Holcomb Research Institute^ 

Butler University, Indianapolis, Indiana 

Sponsored by the U.S. Environmental Protection Agency, 

RS. Kerr Environmental Laboratory, Ada, Oklahoma 

The IGWMC Is organizing a four-day works hop/semlnar focusing 
on recent developments in ground-water quality and quantity 
modeling and on the educational aspects of teaching ground- 
water modeling. Topics include curriculum development, course 
syllabi, methodology of teaching, and the integration of computer 
use Into academic programs, followed by an elective one- day 
workshop In the uses of computers In ground-water modeling 
(July 27, 1984). 

Quest lecturers are: J. Bear(Technlon, Israel), E.O. Frlnd (Univer- 
sity of Waterloo, Canada), Y. Haimes (Case Western, OH), P.S. 
Huyakorn (QeoTrans, Inc., VA), J.F. Keely(EPA, Ada, OK), F. Molz 
(Auburn University, AL), T. Naraslmhan (Lawrence Berkeley Lab- 
oratory, CA), L. Smith (University of British Columbia, Canada), 
and J. Wilson (New Mexico Tech). 

Course coordinators are Prof. Dr. Jacob Bear and P.KM. van der 
Heljde (IGWMC, Holcomb Research Institute, Indianapolis). 








; ilTTii'lfv 





For detailed brochurta call Margaret Butorac, (317) 2B3-S555. or write: 
International Ground Water Modeling Center . 

Butler University, Holcomb Research Institute n T l| 

4600 Sunset Avenue 11 I H 

Indianapolis, Indiana 46208 

BUTLER UN iVEftSfiy 
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TECHNICAL DIRECTOR 
NAVAL ENVIRONMENTAL 
PREDICTION RESEARCH 
FACILITY 

The Naval Environmental Prediction Research Facility (NEPRF), locat- 
ed in Monterey, California, is seeking n highly qualified meteorologist to 
serve ns Technical Dirccior and priucipnl assistant to the Commanding 

Officer. , . . . 

NEPUF is the principal Naval activity devoted exclusively to research 
in meteorology. Its mission is lo conduct research and development to 
provide objective local, regional and global environmental analysis and 
prediction techniques; and to provide planning, modeling and evaluation 
services for determining the effect of environmental elements on Naval 
weapon systems and operations. 

The incumbent of this position directs the efforts of the research staff to 
accomplish the facility's research mission, nnd he/she serves as a key 
member of the top planning and management board of the organization. 

The incumbent must have a Doctorate Degree in meteorology or a re- 
lated science, or the equivalent in experience and ability. He/she must 
also have done internationally recognized individual research, and should 
have had several years of experience in the direction of the research of 
others. 

This is a Civil Service position at the GM-15 ($50,252—165,327) level. 
Applicants should contact the nddress below for information nnd lo obtain 
the appropriate forms. 

Nnvnl Postgraduate School 
Civilian Personnel Office (Code 004) 

Monterey, California 93943 
(408) 646-2001. 

Closing date is 15 June 1984. U.S. Citizenship Required. 

.•l/i lupin! Opportunity Employer 


U ni?e r S ity of Cambrldge/TheoreHcal Sclsrnuloglsl. 

,, j, Iwwjctl toon V) appoint a posiilurturiiic in 
work inSSSKly in me general lirhl ol il.iw.ci.- 
cal seismology. An interest in aewiui modelling •* 1 ' J 

inicrpreiaiion, jjnriicularlv of bulk -waves. W'liilil !* 
suitable. Siimulaunj* environment wiili oiht-i ihe«- 
S. refracion. Sflenion an.Uanhq.iake w- 
Universiiv salary. Send curriculum 

Hijiiiii d to?- 
Department of Earth Wes Umvcrorc ul Unii; 
bridge. Madingley Road. ( jmhridge (.US Oh/. Eli 
gland, by 31 July 198-1- 

Msrtne Organic Geochemist. The Department "I 
Oceanoanipliy. Old Dominion I'ntversuj. seeks raii- 
diilatesfor a ncwlv created, tenure track assistant 
professor level posiiun in marine organ 
islrv. Spcrfific research interest is open, 
maior dcrwtimeni.il emphasis is on coastal process 
The successful candidate is expected to pursue a 
vigorous funded research program, anil to Uriels . 
rndualc and/or undergraduate level cuttrses in luV 
Her field. A Ph.D. is required and post doctoral 
experience is desirable. The expanding (.kcaongnt- 
ohy Department offers programs kfldmx «» J llc , 
M.S. and Ph.D. degrees, li currently has 15 acuity 
positions, with three in chemical oaamwraultv. 7U 
graduate students, and tltc appropriate facilities lor 
manv chemical studies. The position n available im- 
mediately- Applicants should submit vita, statement 
of research interests, and the names of three refer- 
ences by August 1. 1984 to: Gregory A. Cutter, 
Search Chairman, Department of Oceanography, 
Old Doatinion University, Norfolk, VA 2351)8. 80-1 - 
44CM285. . . „ 

Old Dominion Univenliy ls an affirmative action/ 
equal opportunity institution. 

Hydrogeologists/Con gulling. The Bcthcsda, Ml), 
office ol Dames & Moore has career opportuniitcs 
available in our expanding hazardous waste man- 
agement group. We arc looking fur individuals at 
the entry level or with 4 to 10 years experience with 
the following qualifications: 1 ). Minimum of a B.S. 
in geology or hydrogeology, 2) Design and review 
of Srounawaicr sampling and monitoring pro- 
grams, 3) Groundwater modeling, 4) Analysis of 
contaminant transport, 5) Field experience, 6) Ex- 
cellent communications skills, interested applicants 
should forward resumes to: Dames tb Moores, 7 ID I 
Wisconsin Avenue, Suite 700, Bethesda, MD 20b 14, 
Attn: HG. 

Dames & Moore is an equal opportunity employer. 


Texas A&M LI n l vc rally 'Sc brink Stratigraphy. 

I In- (hiMiHwiJphv in tfic Collet 

ol t itiiwirin i"> .it I rt.il A.V.-M v'uiu-niiv lias an 5 
niii-iiiiig Ini a Til l), with speiLili/.iiuni in the lield 
ill M-iriith siialigiatiliv I lux ii-inite track ixmikn is 
at the ,i«i't.uii juulcxMir h-\i-l. S.iLirt is licgiitbble 
ih*|H-iKling iitwHt s-Mii im im »■ and •ui.iIifiLjiUim. Thu 
]iti<.iiiim will In- .iv.til.dih- pi-iuiiug im.il approval. 

1 In- mii i i-wliil .qqilii alii will In- r\|Hxicil w ituh 
iiiHh-igi.idu.iU- mm m s m gi-in-i.il >s<-.uiiigraphy,a 

S r.Mtu.ilr i mu m 1 mi mimiiu "ii.Uigi.qihy, and niay 
ovcliip eiadiuu- hhiim-s nt hivlu-i nwi, design. fit 
nr slu- will jImi lx* rp\i-« ird in tiHidiKt a vigorous 
research pitigiam 

Ajiplu .nits sin mill si din lit a vita .ilmig with a leuer 
ih-M.iiliing liis'hci u-v-atih and ii-ji liing goals and 
the names nt live tn-ruiirc lm lcfercnre tu Professor 
Knbc-ii O. Reid. I lead. Ih-p.imiiem nl <Xcantim- 
phi, Texas A&M Uiiiveisiiv. ( jilh-ge Station, Teas 
• 7Al3. I lie iln-mg date lm aniiliiutinns is 15 luK 
HIM 

Texas A&M ITuvriMtv is an alhniiaiivc anion/ 
equal nppi ill unit v ciiqihivri. 

rostdoctoral Research Associate Pnslllons/Geo- 
physics and Igneous Geochemistry. The Univer- 
sity ol Maine at Oriinn (UMO) has postdoctoral 
npciiiiix* fur a solid eatih geophysicist and an igne- 
ous ucnthcmisi. We seek a genpliysiiist who wiuici 
to advance fundamental u inlet. standing of past and 
current iherin.il hisnuies ui the Aptul, icliian 
Qrngcn in New England anil elsewhere. Hie geo- 
chemist would hr cx]tcited tn investigate volcanic 
and jilutotiic .suites m the A|qul;icliians in Maine 
and lit other terrane.v Current funding permits ap- 
poinlnicnts fur at least 12 uuiuihi. Subject to arrival 
of anticipated funding, the appointments could be 
extended in two yeats. Hnth ap|ioiniiiicnls could 
start as early ns August I, IUH-L Excellent fadlitiei 
for get it Iter null reseauh, cuiupuier application!, 
petrologic rcseaich and geiKlmniologic studies exist 
at UMO. Additionally, limned funds are available 
for travel nnd research, atui the appointees will be 
encouraged to generate exterior .support individual- 
ly or through ONipcialiou with existing faculty. 
Please scitifinquirics, a vita, a list ol referees, and a 


description of research intetests to Edward R. Deck- 
er or Daniel R. Lux. Department ol Geological Sd- 
ences, III) Boardman Hall. University of Maine at 


Orono, Orono, Maine 044*19. Telephone calls nay 
be made lo 207-581-2152, and forwarded to Decker 
or Lux. . 

The University of Maine is an equal opportunity/ 
affirmative action employer. 


Postdoctoral Posit ion 'UCLA. Potnlucloral | wi- 

th in in cx[m- i iiiiL-iii.il xcinhemistry/pumlugs .nail- 
able immvilijiL'Iv lor ic-H-aich on upper- mantle or 
lnweririisl.il prid items Suucx-riiil applicant will 
Imsc.i umug Iwtkgrmind in ilimnuilsnaiuits and 
pL'tmloiiv. Send application in Art liiicilrlii-r. lnsij- 
uiteolf'irophssKS .mil IIjiici.mv Plivsics, University 
oF I'alifiiUti.i, I ns Angelos, f.ali for nia full V24. lele- 
p>i«ine(2l3l MSr.-NKtW. 

L : ( I.A is an e<|iial opp.iriuiiitv/.illiimaiise aitimi 
oiiqilavii. 

Senior or Senior Project Ilvdrogealogist/Hydralo- 
gt*i. A iiewlv-li n iiivd InilHigL-oliigv and engineer- 
ing i ui null mg hr i ii. I he Mask Gronii. seeks a ma- 
ture. expsTivni c-d lisdrogenlogisi or hsdrologiit lot 
.in immnlialL- filling ol a senior icilimcal position in 
the I as Vegas iillicc. Ongoing and projected mu-sri- 
g.uioiis will cmplunuc water lesmmrs dcvelop- 
nicni. hazardous svjuc. ,md geocechiilial eiigim-cr- 
ing pi ■, [fY is. I 'run ipd pMiieit work uin laililurui.i, 
Nci.nt. 1 . .iiiiJ Ari/uiia I'li-k-r •ipplh.inis wiili iniiii- 
rtaiini hnu ys-.irs similar i-speriein c-.ind M.S ili.-grix- 
fronsa recognized protrram. Sirnuu written and ver- 
bal i.omnmnuaiiiiii skills and overall iniliaiivc arc 
required. Pruli-ssinital ugistraiion desirable. Please 
send resume, rcfcu.-iu.es. Salary and bonus com- 
asciisuutc with it dining, experience, ami productiv- 
ity. llwiiersliip |ianirip.iuun anticipated. Send letter 
ol iriten-si. tcsiimic. vunplc- kes repurrs or reprints 
lo: 

Dr. holier i V. Kanfmann. Principal 
The Mark Group 
72rtj West Golev Avenue 
[.as Vegas. Nevada 89117 

7112-87 *-7 128 

University of Arizona. T he Dcpanmcm of Hs- 
droluav ami W.iter Rcsutirccs insurs applications 
Uir a fdciiliv puMiioii in water resources -with em- 
phasis on water polity ami inanai'cnieni. Candidates 
must hast- utadetuic i raining and/or professional 
experience in water rcsuurtrs and. preferably, in 
water qiurlns |wilns and planning. Appointment 
mas be at the level ol an assistant, associate, or full 
professor. Applications slu mid he submitted by Oc- 
tober Jl. I lift 4. 

Ur. Daniel I). Evans 
Thai man. Search t omunutee 
Depart mem of Hvdmlogs and Water Resources 
University ni Arizona 
Tin sun. AZ H572I 
Felcjilwine: i>02-l>21 *3131. 

The L'nivrrsitv of Arizuna is an allrrmativc ac- 
tion equal opportunity cm plover. 

Postdoctoral Research Positions in Planetary 
Aimosphcrea/Lunar and Planetary- laboratory, 
University of Arizoiu. Apphc.iilous .ire rnsiieil 
tor |Kistilm rural n-ve.irili jiiisuionval the l.inur uiul 
llineian I.iIioi.iIimv. Uimi-ivitv ut Arizona, in 
Tiksoii. Anzoii.i. Tlir inn positnms will imuhe re- 
search in ulans-iait pliwiis ami analysis ul l.'V d.u.i 
from the Vns.igcr mission. Ki-seiirilt ii|i|nimiiiiiti'i 
lm iIilSi- |><>sii[>.ns nu. UitEs- the IhiiiihI ami eMeinleil 
jliiiiisphi-rev amt wmiuplieiri tin- giant planets 
.util ihi-u s.ircTI ilrs, the [■■ plasnia tnriia, t-atlli'v til- 
iiimphere. tin 1 inicislill.ii im-ihuin. .uut the .iiniii- 
aiul tutu isiiliv-u- nf Vs-inis. Applii .mis dmuM 
Itjve asitiiiig Imi1>xiiiniiiI in ihuny .mil il.u.t analy- 
sis FliV'iiisi.v and .iviioiioiiists arc- eiitinii.iui ii in 
appli. (am L l iiIiiiii Yu.i. hihlmgrj|ihy .uid lliiiv Iri- 
irrs nl iiTiu-nn- should In- n-nl In july la. 1981. tu 
l)r. A. I.. ItiiLulliH't. I.iniai and I'lativ (ary l.ilmr.i- 
toiv. I To it- 1 "its ui Anfi •im. :tii2’i f. A|<» W.iv, 

Ins* nil. A) i/< ilia 8*»7I.I. 

till- ITiisi-l'iiy ol .\lt/mi.i Kail Kqnal ( >|>jhii liink- 
tv liiipliiyi-r. 

Assl iiant Research Geophyaiclit. The Instiiulc 
of Geophysics and PlaiU'Wrj lliysiri nr the Ovran 
Reseau h Uivisimi nf tile .Skripp* Instiiuiion uf 
Oceanography are cmisLiic-iiiig the ap|K>lnitneni «»f 
an assistant research gen pi is sic 1st, step 1 or 2. to 
join a research group conducting rlciltninagnctic 
soundings uf the mean lluor. Applicants should 
have exile riencr with lansl and ixcank EM inca- 
suremeitti, a ilcntonii rated cupacity to design and 
construct equipment, and the ability to carry out ex- 
periments nt sea. A Ph D. in jeophysk* or related 
sciences a required. Candidates should have some 
experience with the analysis and inter pretallon of 
EM daia. Salary range is $25,100—926,100. AppU- 
ranti must subinil a resume, copies of relevant pub- 
lications. and the names or three references by 1 
July IBM to: 

J Dr. Alan Chave 

University of California, San Diego 
Institute of Geophysics and Planetary Physics - 
A-025 

Lalofti, CA 92093. . < 

The University of California u an afiirmative k- .-. 


SPACE SCIENCE AND ASTROPHYSICS 

Ai Stanford University, the Cenicr Tor Space Science and Astrophysics (CSSA) is an interdepart- 
mental organization coordinating leaching and research in these disciplines. Studies within its purview 
typically involve ground-based and space-borne experiments, data analysis, theoretical research, com- 
puter modeling, and laboratory experiments. Many or these projects involve collaboration with scien- 
tists at the NASA Ames Research Center, and in order to facilitate them a joint Institute for Space 
Research was created by Stanford and Ames in March 1984. Current research activities include: 


• Solar physics 

• Interstellar matter 

• X-ray and EUV astronomy 

• Gamma ray astronomy 

• Theoretical high-energy 
and plasma astrophysics 

• Gravitation theory 
■ Cosmology 


.... 


• Environmental remote sensing 

• Space information systems 

• Mognctosplicric physics 


■*' ’ 
1 • 1 
L* 

• Spucc plasma physics 


• Cclesliul mechanics 


• I’ltinchiry exploration 

1 >/. 



• Solur-icrrcstriul relations 


RESEARCH FACILITIES 

• Stanford Solar Observatory 

• Siple Station, Antarctica 

• Center Tor Aeronautics and 
Space Information Sciences 

• Distributed computing facilities 

FACULTY 

The thirty-six faculty members of CSSA are drawn from 
the Applied Earth Sciences Depanment and Geophysics 
Department in the School of Earth Sciences; the Department of 
Aeronautics and Asironautics, Electrical Engineering Depart- 
ment and Mechanical Engineering Department in the School of 
Engineering; and the Applied Physics Department, Chemistry 
Department and Physics Department In the School of 
Humanities and Sciences. 


COURSE AND DEGREE PROGRAMS 

The courses offered in Space Science and Astrophysics 
Include 3 undergraduate courses, 11 courses for advanced 
undergraduates and graduate students, and 22 courses Tor 
graduate students. Graduate study programs for both (he M.S. 
and Ph.D. degrees are available. Details are given in the Stan- 
ford University Bulletin, Courses and Degrees. 

ADMISSIONS 

Information regarding admission as either a freshman or a 
transfer student should be obtained by writing to the Office of 
Undergraduate Admissions. For Information about admission 
as a graduate student, write to the Office of Graduate 
Admissions. 


FINANCIAL AID 

At graduate level, there nre opportunities for students in 
Iheir first year of study to rotate through three different 
research groups, spending one qtinrtcr with each. Research 
Assistanlships, Teaching Assistantships, and Fellowships are 
available. 


NONDISCR1MINATORY POLICY 

Stanford University docs not discriminate against students 
on the basis of sex, race, color, handicap, or national and 
ethnic origin in (he administration of its policies and programs. 

THE STANFORD ENVIRONMENT 

The University is situated on the San Francisco peninsula 
In the foothills of the Santa Cruz mountains. The location * 
noted for Its mild climate, sunny days, cool nights, and in • 
quent winter frosts. It is within easy reacli of the cultural an 
recreational opportunities offered by the city of San Franc 
the Pacific Ocean, and the Santa Cruz and Sierra Nevada 
mountains. 


INFORMATION 

For further information about CSSA, write to: 

Professor R. A. Helliwell, Director 
• Center for Space Science and Astrophysics 
Stanford University 
325 Durand Building 
Stanford, California 94305 ; 


STANFORD UNIVERSITY 
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CHIEF 

LABORATORY FOR ATMOSPHERES 

NASA/Goddard Space Flight Center 
Greenbelt, MD 20771 

The Goddard Space Flight Center is now recruiling for Ihe position of 
Chief, Laboratory for Atmospheres. This position includes overall re- 
sponsibility for management nnd the intellectual leadership of a broad 
spectrum of basic research on the atmospheres of the earth and planets 
with special emphasis on remote sensing from space. 

Salary Range: $58,938-$69,600 

MISSION: The goals of the Laboratory tire: ( I) to develop and execute a 
comprehensive theoretical and experimental research program dedicated 
to advancing our knowledge and understanding of the atmospheres of the 
Earth and other planets with the aid of space observations, (2) to under- 
stand solar, anthropogenic, and natural influences on the atmosphere and 
related multidisciplinary systems which affect the habitability of the 
Earth, (3) to diagnose, simulate, and predict environmental conditions 
empirically and numerically with models and data, and (4) to advance 
both remote and in situ sensing of the atmospheres of the Earth and other 
planets and set foundations for future space missions. 

The various Branches of the Laboratory specialize in large-scale global 
modeling and simulation of weather and climate, mesoscale meteorology 
and severe storms, climate and radiation, the stratosphere, atmospheric 
chemistry, aeronomy. solar physics, and remote sensing science and in- 
strumentation. The Experiment Climate Forecast Center is a collaborative 
program with the National Climate Program Office. 

STAFF: The Laboratory is comprised of approximately 160 research sci- 
entists, engineers, technicians and support personnel who are Federal em- 
ployees. An additional 100 civil service scientists and support staff from 
other organizations collaborate with members of the Laboratory on shorl- 
and long-term assignments. Approximately 130 additional contract em- 
ployees work onsite. There are also about 25 post-doctoral research asso- 
ciates who come from universities to work with members of the Labora- 
tory part-time throughout the year. 

ADDITIONAL INFORMA TIONI APPLICATION: Further information 
concerning this position can be obtained from Dr. David Atlas, Labora- 
tory for Atmospheric Sciences. Code 910, Goddard Space Flight Center. 
Greenbelt, MD 20771. (301) 344-6925. Persons interested in applying for 
this position should obtain necessary information and application forms 
from Ms. Beverly Lewoc, Personnel Management Branch. Code 221, 
Goddnrd Space Flight Center. Greenbelt. MD 20771. 1301 1 344-6956. Ap- 
plications will be accepted no later than July 20. 1984. 

EQUAL OPPORTUNITY EMPLOYER 


Remrch Aiaoclatc/Reiearch Technician. The 
Umvetiky of Maine at Orono (UMU) ltai an open- 
ing lor a research ajsuciatc'rcsearrh technician who 
would , work in a small geophysical group. We seek 
M individual who can use and maintain modern 
digital electronic equipment; for example, multi- 
channel I anal vsers, 1/0 interfaces fur microcompin- 
nx. digttal pl°iiers and digitizing tablets, familiar iiy 
wuh BASIC and FORTRAN wifi be needed, and 
wmc ffeophyaical field work may be required as 
p»«i ol the duties of the appointee. Current fund- 
•nx permits an appointment Tor -it least 12 tnuMhi. 
subject to arrival or amkitiaied funding, the 
appantmeni period could oe extended to two years, 
" Wf-Cal! Edward R. Decker at 207-581-2158 
pr -117-38 1 -21 52 about the position. Otherwise, send 
nouincs, a vita and a list of at least three references 
“ R- Decker, Department of Geological Sci- 

jwei, 110 Boardman Hall, University nf Maine at 
Orono, Orono, ME 04460. 

I he University of Maine is an equal opportunity/ 
affirmative action employer. 

Research Aasoclotc/Brown Univenliy. Research 
naocatc in Planetary Cieologv at Brown University, 
oodencc, Rhode Island. Experience ill geologic/ 
gcamorphic analysis of planetary images, study of 
' a£c .8 co,[ >8' c processes, computerized image 
ki ll,g k an< f! , P r TJ^niilaiive gcomorpltology is 
l£u a c c ; D ? ndlinc ' t,r applications h June 

aubtnu resume, names and addresses nf three 
ip James Head. Box 1846, Brown 
(■ nncrsny Provnfencc, R] U29I2. 

live a don eni'T*' 1 ^ ** a ° c 9 lla * /o PP ur,,,n ‘9 r "tf' rn,a ‘ 

h?r!? rcl1 Aa * ,slan t- Position Hvai table Immediate- 
P ro g ra n>: Large-volume high-pres- 
ncH™l n, ^ es ?‘ n i eli-pressurc X-ray diffraction ex- 
Brilhm? 1 '* usin 8 l " c diamond-anvil cell and 
barfaHl" *R e ? lro *opy. Candidates should have a 
ohvrr^'^L T crystallography, and/or mineral 
|i_[^ n w,lh demonstrated ability and experience in 
ProSra ' ■ ^‘ ra i’ diffraction techniques, computer 
MS Tw min ®' a . diamond-anvil cell experiments, 
rv- 1 °r equivalent experience required. Sala- 
newM^T? 1 ®' 000 r ° r on* year wkh possible re- 
(fim-r-r n' 113 an< * two reference letters to: Pro- 
Sdenr^' c"r ^Partnicm of Eailli and Space 

lances. SUM Stony Brook, Stony Brook, NY 

ODrmn? ? lon y Brook Is an afiirmative aciion/cqual 
opportunity employer. AK 1 18 

Associate Position/University of Miami. 
emmlTST^ M eIe orologv and Physical Ocean- 
Rosensuel School of Marine and Atmo- 


Rcsearch Aasorlalc/Unive rally of Maryland. The 
Space Plivsics Group uf the Department of Physics 
and Astronomy has an opening fur a Research As- 
sociate- In-ginning as early as Julv L l'J84 for an ini- 
tial one vear period with high likelihood of c-s ten- 
sion. The liusuion involves research on energetic 
panicles ut solar anil interplanetary origin. Appli- 
cants should possess a Ph.D. in a relevant area of 
physics or astrophysics: relevant research experi- 
ence is highly desirable. Inquiries and applications 
should he addressed to Proleisoi Glenn M. Mason. 


nf Maryland, Gullcge Park. MD '20742. Applicants 
should send a vim including complete bibliography 
and a ilcscripiion uf rc.se.uxh experience, and 
should arrange for the sending uf at least three let- 
ters of reicicnu'. 

'I lie Universiiv of Mankind is an equal opportu- 
niiy/airirnuitivc aetiott employer. 


Hydrogeologist. Applications arc invited for y 
noil-tenure track academic research appointment in 
hydrogeology 10 ** hlled at the instructor nr assist- 
ant professor level. This position will I lave broad re- 
search responsibilities in one or more of the follow- 
ing areas: regional and site-specific hydrogeological 
studies. Itydrogcologic and hydrochemicaJ aspects of 
surface coal mining and reclamation, and assess- 
ment of aquifer characteristics bv aquifer testing 
and hvdnxhemical evaluations. The position entails 
considerable field work and will be located in 
Billings, Montana. Candidates must have a M.S. de- 
gree m hydrology or geology (Ph.D. preferred) and 
at least three years orhvdrogeological experience, 
with emphasis on aquifer resting and related work. 
Knowledge of drilling and the geology of 
norihcatcm Manual preferred. The closing dale 
for applications is June 22, 1984. Salary wm oe _ 
$24,000--$29,00n ? vcar depending upon education 
and experience. Applications with resume and 
names and telephone numbers of three references 
should be sent to: Director, Montana Bureau or 
Mines and Geology. Montana College ol Mineral 
Science and Technology. Butte. MT 59701. 

An EEO/AA Employer. 

Engineering Positions, (Columbus, Ohio. Loca- 
tion) Banelfc. one of the world s leading R&D orga- 
nizadons. has openings in its Ollice of Nuclear 
Waste Isolation for engineering staff supporting de- 
sign and construction overview- uf the nuclear waste 


losing date 
wilfoe 
a education 


University of Miami, searches for a 
an^yii with several years of geo- 
VLah-gii nf !f ana, y«* experience for processing and 
or .fiintJ?, ^anographic data obtained by moored 
*?*t™menution. Applicants should be 
*ff35v!v ^hr F e 0RTRAN preferably also 
itonailv Wem. Job duties may occa- 

ful Pqcjiripadon in cruises. TTte success- 

ical, mat£ nl , .^°4 ,d * iave a Masters Degree In phys- 
vriih curr^a ,llCnl - or “mputer sdences. AppUcaffon 
diouja w tae and names of three references 

Mete orn u!' nL iy Dr. Thomas N. Lee, Division of 
School n r Physical Oceanography, Roscnidel 
RikenbacklVr 16 • Alm “phenc Science, 4600 
1S >ne HU Mbmi,. Florida 33149, by 

* n L e in U Sdilt r ,“l^.i , _ a lnde P en - • 


Previous large project, and government experience 
and P.E. repstrwiion preferred. Specific openings 

ar * GeoiechnicaUCivil/Mining Engineering (Ref. . 

^•^ivIl/Minlng Euginrenng IRef- 

• Mining Engineer (RcF.. #120) ■ 

• Materials Sciences P^tcc* Manager (Ref. #048), 

• Senior Statistician (Ref. # 

was 

an excellent salary cooimensuraie with your.back- 

P ifyour qualifications are appropriate ai^ you are 
interested in becoming a P*} jS? "Kt'S 


NATIONAL SCIENCE FOUNDATION (NSF) 

NSF's Division of Earth Sciences Is seeking qualified applicants for 
the position of Program Director for the Seismology Program. The 
position Is excepled from the competitive civil service and will be 
filled on a one- or two-year rotational basis. The salary ranges 
from $40,000 to $66,000 per annum. The program supports basic 
research In projects related to observational, laboratory, and theo- 
retical studies directed at a thorough understanding of the earth- 
quake process, how seismic waves propagate In the earth, and the 
determination of earth structure from seismic observations. Appli- 
cants should have a Ph.D. In Earth Sciences or equivalent experi- 
ence, in addition to six to eight years of successful scientific re- 
search in seismology beyond the Ph.D. Demonstration of exten- 
sive research experience and productivity could be used as 
equivalence to a Ph.D. A broad general knowledge of geological 
and geophysical research and familiarity with the U.S. scientific 
community are also required. Applicants should refer to Announce- 
ment No. EX 84-53EOS when submitting resumes to the National 
Science Foundation, Personnel Administration Branch, Rm. 21 2, 
1800 G Street NW., Washington, DC 20550. Attn: Catherine Han- 
dle. For further information call 202/357-7840. Hearing Impaired in- 
dividuals should call: TDD 202/357-7492. 

NSF Is an Equal Opportunity Employer. 


Remrch Posl r Ion-Space Physics/RIco Univcralty. 

The Rjiau- PIivmcj ami Aitmnniny Department at 
Rice Universiiv seeks applicants lm unc or mure 
full-liinc research ]>nxiiiii»s within the depart mem. 
Siiacsxlul applicant^) will pluy key roletst in the dt- 
velopuicni ul llieuiciical ihiec -dinicnsinnal Mimlclx 
uf the Kurlli's cIcLtruni.igneiic fn-lrl. Applicants 
should have knowledge ul, and intcicsl in. at least 
one uf the following ure.u: solar- wind iii.ignciu- 
lulicrc interactions. 1 1 1,1 gi ic insphcic- iorv w pin-re uhi- 
pliiig, ionospliere-aiinospliere coupling, cullUioulexs 
plasma micropltvsic.s. atrnosplierii ek-clnriiy. Expe- 
rience anri/or intcic-st in iiumcriial tuudeliiig is an 
im pun an i cunslck-rallmi. 

Title and salary level cimuiu-nsuriiie with experi- 
ence, ranging Irmn niie-SF.il Research Assuciateship 
l renewable in sulise«|uent years del lending mi per- 
formance) to (iiien-endcd Resea nil Sciemist ap- 
poinmictn in the Crnier fur Space I’hvsies. Please 
send uininc ami names ul rlirrc prnli-isiunal relei - 
cnees lu T. \V. I fill or R. A. Wnlf, Spaa- I'hvsks ,unl 
Asirumtim Deni., Rice L'llieersiri. riutm.in. I X 
77251. 

lire Uniu-rsnv is an equal nppunmniVMlIimia- 
mc ail it m ciiipluvri. 

MicropxlenlologisL/Univcrsiiv of Puerto Rico, Ma- 
i-Bguez. I'oiiiiim m|,i-ii |ul\ 1. I '.184. AsMstant Pro- 
lessor level, lemin- tr.n k. S17.82H per arninin lit 
mom hs teaching). I’h D. rei|irired. Duties will in- 
volve leaching ji the cr.nlii.alc level courses in ihe 
discipline being cuiisidcted here, supervising mu- 

ll'-lll H-M-,|l'll .lll'l *••• ‘-1 1^ J»'|Mi||.|| 1 I'M .11 C ll 

Applicant* diuulil send uimuiluin nue. . 1 1 met 
staleiiicni ol leaehiiiu and research plans and ihrer 

Iciicrs ol In Chairman, Aupuint- 

mciiis Committee. Dciiaiimem ul Marine Si.icucc-s, 
Universiiv ul lHierin Ricu. Mm ague/. P.R. utl7l)K. 
Tele plume 80l»-8.12-4i)4U. ext. 3443. 


Groundwater Modeling Position. Camp Dresser 
He Mckc-c Inc. lias nn irrn net Male- iqienitig III its H<»- 
tun {lle.uli|iiancis) OllicL- lm a gn nine I water iiicmI- 
eling engineer. Responsibilities Inr this |H>sitinu in- 
clude tn.Jinic.il din-ilinn and in.irki-iing uf prnjc-c is 
involving chi 11 pviier nuxlc-ling ul gmiiiulwaici sup- 
ply. cuiilamiiMlusii. .uul Ic-«iiii.ili(,ii An M.S. in llv- 
urogculugy or Water RismirLc-s .mil professional 
registration are requited; a 1’li.U. is piefeirol. A 
niiiiiiimin nf seven wars experieiiic m lumpuic-r 
inmleling of environ iiienlal protilc-nis w ith at Ic-jnI 
three-four years in iln- gi<iuiidsv:ui-r lic-M is re- 
quired. Explmaiurv field experience vvoiild k- a 
uifiiiitc- plus. 

CDS! is the l.iigc-st consul ling i-ngLneeiing In 111 
spetializiug in <-iivirunnieiit.il eiigiueei mg and sci- 
ences in tin- I'.S. 

For 1 ni mull. no eonsiik-ration send rest 111 tv. s.darv 
hisinrv .mil requirements ui: Camp Dresser ,v 
Mckc-e luc.. Otu- Cc-im-r Pinza. Bosion, MA U2IU8 
Ann: Di. ti.J. V'icvns. 

CDM is an equal oppoilumis c-mplovei . 

STUDENT OPPORTUNITI 

Special Doctoral Research Assistants! dps. The 
Depart mein of Oceanography -if Old 1f< •miiiicm 
Universiiv has several special dixrnr.il research 
assist anislii|o avail. il dc tor K.ill Scmesicr. 1981 and 
1985. Those carry a stipend uf S7.Q0II per academic 


pin should scud an introductory resume m l)r. 
Koiiulil L. Johnson, Cradiuic Hrouram Director. 
UciMrinicnt of Oceanography, Old Dominion U 
versity. Norfolk, VA 2350i 


versus-. Norton, va 235U8. 

Old Dumimon Universiiv is an alliniiauvc a-. non' 
equal upponunily i nst ilciiion. 



■ Saddle 
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Announcements 

Call for Papers: 31st 
Pacific NW Regional 
Meeting 

The 3 1 st Pacific Northwest Regional Meet- 
ing of the American Geophysical Union will 
be held September 7-8, 1984, at Oregon 
Stale University, Corvallis. Oregon. The con- 
venors are Robert A. Duncan and Shaul Levi. 
The meeting will comprise a large general 
session plus special symposia on the first re- 
port of Alvin submersible diving on the Juan 
de Fttca Ridge and continental margin of Or- 
egon and .Washington, volcanisnt and plate 
tectonic evolution of the Pacific Northwest, 
marine geology, and geophysics. 

Deadline for abstracts is August 1, 1984. 

To submit an abstract, follow the standard 
AGU format printed in £oi, January 10, 

1984, ]>. lrt. If you require a sample of the 
(brutal call iltc AGU Meetings Department ;it 
202-462-6903. Please send original and two 
copies to Robert A. Duncan, PNAGU, Col- 
lege of Oceauograpliy, Oregon Stale Univer- 
sity, Corvallis, OR y7S31 (telephone: 508- 
754-2296). 

. A bargain package For meals and accom- 
modations is available through the university, 
and the sessions will be held on campus at the 
.Stewart Conference Center. 

Two field trips are planned to the Western 
and High Cascades of central Oregon. The 
first (September 6) will visit the Western Cas- 
cades^ and the second (Septembers, 10) will 
transect the Cascade Volcanic Arc from west 
to east. The cost or the field trips will he min- 
imal, including transportation. Information ! 
on field trips and accommodation at the 
meeting will be provided to each registrant. 1 

. Registration for PNAGU is $15, and the , 
registration deadline is August 15, 1084. For 
. more information please contact Robert Duri- 


Groundwater Conference 

July 23-24, 1984 Eastern Regional 
Groundwater Conference. Newton, Mass. 
Sponsor: National Water Well Association 
Technology Division. (Alice Vickcrman, Na- 
tional Water Well Association, 500 W. Wilson 
Bridge Rd., Worthington, OH 43085; tel.: 
614-846-9355.) 

The conference tvill include sessions on 
groundwater con t animation and remedial ac- 
tion; groundwater and contaminant flow 
through fractured rock; geophysics applied 
to groundwater investigation; and two gener- 
al sessions. 

Water Resources 
Management 

July 29-31, 1B84 Conference on Educa- 
tional Prerequisites for Water Resources 
Management, Baton Rouge, La. Sponsor: 
Universities Council on Water Resources, 
(Yncov Haimcs, Chairman, Systems Engineer- 
ing Dept., Case Institute of Technology, Case 
Western Reserve University, Cleveland, OH 
44106; id.: 2 J 6-368-4402.) 

The program and activities of the confer- 
ence reflect two major topics: the growing 
concern over the impacts of the present state 
of education on .water resource management, 
focusing on the rant ilicntions or recent stud-. . 
ics on education; and the growing challenges - 
in water resource education focusing on a re- 
examination or the 1975 annual meeting; 
which had as its theme a Thc Challenge uf ^ 
Water Resource; Education." 

A trip to the Louisiana World Exposition in 
New Origans, La., is being planned following 
the conference. 


Moon’s Origin 


Oct. 13-16, 1984 Conference on the Ori- 
gin of the Moon, Kona, Hawaii. Sponsors: 
Ltinarand Planetary Institute, Division for 
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Meetings tmitt. fmw ft. 397) 

Pluuviaiv Si iciucs nf ilic Atucrirau Asun- 
nm uii.il Sol'iciv. (l'jtn Junes, l.iiti<*i' :iikI Plan- 
etary hisiimif, IW03 NASA Ko;u1 I. Mniirton, 
TX 7 7(15 H. i 

Afin rails arc ilui-Jiilv 15. I UK-1. 

The nun! oilin' umlereiuc is i» i«M |>re- 
win nuclei st.iurliiiK nl liiiiur, jiikI lienee jilan- 
entry, for million. l i t it ;i lire session tonics (or 
cmitrilmied cilks include I lie (ficniit.il. |»cUo- 
ln^ii. |>eci|ihv! tkal. anil (lyiiainii j! miisnaiiiis 
lluit can he phicril mi llic moon's origin; and 
new L'KpL-riinenls iind nhscrvatioiis that could 
help L'niisivaiu the origin til' the mooti. 

A pri iceedin^s of the coil Terence will he 
niihlislicd in honk form: papers will he clue 
December I n, 1‘JH-I. 

Illinois Lakes 
and Watersheds 

Nov. 8-0, 1084 Illinois Luke anil Wiiler- 
sliec! Maiiagcmenl tkinlereiu'c, .Sprin^lield. 

III. Spiiiiwus: U uivcisily nf llUiuiis Water Re- 
sources Center, AWKA Illinois section. North 
American Lake Manned mcih Surieiy. (Glenn 
Smut. Water Resources Center, University «1 
Illinois at Urhaua-Cluinp.iif'ii, i!.Wf> Hydro- 
'll stems l .a lior.u on. l!08 Nnrtli RoniineSl., 

Ui liana. II. li 1801; id.: 2l7-:l:«-n“j3tj.) 

'I lie tle.nliinc tor absnucts (in lit* submitted 
in (ripiiL.irens July 13, I9H-4. 

'Hie 4 mire lem e is ik-siKneri m hriti|( l«- 
Kl-iIht leelinic;il acid notilcrlniH.il persons to 
facilitate pro let lion and niiiiiiij»etncni of lake 
.mil waierslieil if soil ft es in Illinois. Cnuirih- 
uied and invileil papers will Ik- |»1 cscitlccl mi 
lake .ind wateislu-d m.inaKeiiii-iil techniques 
and experiom es; initun jem and implementa- 
tion n I lake and natershed iii.iiuKeiiieiit jmi- 
Ui. mis 101 the Imal level; costs and Iveuelits of 
lake aiul wuiei-slied m.muHLTiiLTit; Like and 
w.ueislicd iisscssmenl and classilualion meth- 
ods and results: reservoir design and opera- 
tion to prevent piolilems: and rewnixh am) 
program needs. 

A prui cedillas o| all papers will lie pub- 
lished. Written papers should not exceed Id 
donlile -spaced p.ijtes and sin mid lie Mibmiltcil 
hy Otiobi-r Ifi. I1MI-I. 

Urban Climatology 

Nov. 26-30, 1984 WMO I cclniic.il Clon- 
ic rente mi IT hail Cliinaiulu^y and its Appli- 
cations With Special Regard in Tropical Ar- 
eas. Mexico Ci iv. Sponsors: AVurhl Metenio- 
logkal Olga n i/a lion. World I le.iltli 
Org.mi/Jiioii. (T. R. (ike, i-'n World Climate 
Program Dept., World Meteorological Orga- 
nization. 41. Giuseppe- Mott a. Case pontile 
No. 5. CH-ISII Geneva *20. Switzerland.) 

Abstracts (less than 300 words) arc due 
July 1.1, 10.44. 

lupin relevant in the meeting include all 
aspects nf urban dinuiulngy (processes, ef- 
fects. 1111 1 dels, methods, case studies), especial- 
ly those relating to urban applications (haz- 
ards. health, cum fori, air pollution, energy 
ni id water conservation uud use, for example) 
to urban planning (climate factors in siting, 
layout, and operatiuti c>T settlements) and to 
trupical locations. 


New A.GU Science 1 
and 

Policy Lecture Series 
for Universities 

AGU is pleased to announce 
the initiation of a new series of 
Science and Policy Lectures. 

This series is particularly 
exciting because it offers 
university students and faculty 
an opportunity to share 
the experiences, insights, 
and expertise of former 
Congressional Science Fellows 
aiul other AGU scientists who 
have demonstrated proficiency 
in the public policy sector. 

lurch distinguished lecturer 
in this series is skilled in public 
policy issues involving geo- 
physics. Lecture topics include 
water resources management, 
nuclear waste disposal and 
public policy and appropriations. 

For complete details on the 
Science and Policy Lecture series 
and a list of current lecturers and 
topics, contact: 

American Geophysical Union 

Members Program Division 

2000 Florida Avenue, N.W. 

Washington, DC 20009 
l ' (202) 462-6903 
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1 lie title chosen for this renewal of the U.S.- it 
japan prediction seminar series reflects opti- 
mism. perhaps more widespread in Japan P 

than in the United States, that research on e 
earthquake prediction lias progressed to a y 

stage at which it is appropriate to begin test- ' r 
ing operational forecast systems. This is not e 
to suggest that American researchers do not S' 

recognize very substantial gains in under- ri 

standing eai thqtiake processes and earth- 1 

quake recurrence. Inti rather that we are at tl 

the point of initialing pilot prediction experi- r 
menu rather than asserting that we are pre- 1 
pared to start making earthquake predictions t 
in a routine inode. f 

For the sixth time since 196-1. with support 11 
from the National Science Foundation and s 

the | a pan Society for the Promotion uT Sci- li 
cnce, as well as substantial support from the f 
U.S. Geological Survey (U.S.G.S.) for ])arlici- c 
patio it of a good representation of its own s 

scientists, earthquake specialists from the two 
countries came together on November 7-11, e 
1*183, to review progress of the recent past v 
and share ideas about promising directions ! 

for future effni is. If one counts the 1980 Ew- I 
ing symposium on prediction, sponsored by ( 

Latnum- Doherty Geological Observatory, i 

which, (hough multinational, served the same c 
por|K)5C, one finds a cuniinuity in these inter- 1 
changes that has made them especially pro- t 
due live and stimulating fur both scientific 1 

cnnummiiies. The conveners this time were 
Chris .Schulz, Lamotit- Doherty, for the Unit- 
ed States and Tsuueji Kikitakc, Nihon Uni- 
versity, fur japan. 

The formal of the seminar was similar to 
that ol the past: 3 days of iomial papers and 
discussions, f* >1 lowed by a field trip, this lime 
a day and a half in Tsukuha Science City. In 
Tsukuba, the American delegation had the 
opportunity to visit the facilities and discuss 
their research with the staff members »r the 
Geological Survey ol japan, the Geographical 
Survey Institute, the National Research Cen- 
ter Inr Disaster Prevention, and the Interna- 
tional Instituie for Seismology and Earth- 
quake Engineering of the Building Research 
institute. 

Only some highlights of the meeting can be 
offered in this brief report. The papers pre- 
sented will be published as a special issue of 
Earthquakes Prediction Research. 

The participants left the seminar filled with 
enthusiasm that wc have made real progress 
toward the goals of our prediction research 
programs. Though we seem far from being 
able to make highly accurate short-term pre- 
dictions, we are able to give reliable assess- 
ments of the likelihood of occurrence of 
strong earthquakes in some seismic zones on 
a decade-long time scale. This advance, in 
turn, will make it possible for us to focus our 
efforts to do short-term productions in those 
places where a major event is most likely 
within die foreseeable future. There is noth- 
ing to indicate that the search for ail opera- 
tional prediction technology will be other 
than a long, arduous research task. 

Progress in understanding the seismic cy- 
cle, at least within plate boundary seismic 
zones, is reflected in the convergence of the 
processes called “seismic hazard assessment" 
and “long-term earthquake prediction." The 
former once implied the study of the seismic 
climatology of a region, leading to estimates 
of the strongest earthquakes to be expected 
and their average frequency of recurrence. 
Now the combination of geological evidence 
of prehistoric activity, historical records of 
earthquakes, observations of contemporary 
seismicity, and measurements of current 
cnistal movements make possible rather 
detailed probabilistic statements, admittedly 
strongly mode! dependent, about specific 
future earthquakes. Such statements arc the 
basis for planning both further scientific 
studies of the phenomena and disaster 
mitigation measures. More than half or the 
38 research papers in the seminar were 
devoted to some aspect of such long-term 
predictions. 

In addition to the scismological and geodetic 
observations related to identifying mid 
emulating regions of increased seismic 
potential (seismic gaps), a strong geological 
component was reflected in the papers 
presented. The pioneering work of American 
geologists like R. Wallace and K. Sieh hat 
demonst fated the validity and the importance 
of the Interpretation or the. displacement 
history of a fault during the past few 
thousand years or more from geological 
evidence. An ambitious trenching program is 
in progress hi Jap3n, and the data being 
acquired are being combined with evidence 
of Quaternary faulting to provide a basis for 
long-term predictibris Tor the inland 
(intraplaic) part of the country. 

* (rk*a t«AA«i i*«#I r#««k * * • 1 .a. . 


Tanna fault at the northern end of the 1/u lap K y.k "Ac u>mh 1.1 •> .. low resisuvily 
HEE ruptures with an am age interval wttlim the Ln.U zniw with Imiiim* whh 

SI |,» lime in 1*00. The Serna seine 1 ..mhm.nu.n nl wan t touleiu and 
fa id Hn' no r lli-cc niral Honshu had nut tctupc.., tin.- tcqjuusi ,1, fi, r lhe 

experienced a major break fot at least 2MKI0 .inomaho. Hr. ».« rraserf p«ne prcssui 

years prior to the great eartl.ip.akc ..I IHSHi. has hern w.ci. muvnscd scmnic 

Theseuunibcrs illi.sl.ate the extreme •<" «l hran-ml ..-ststtvuy wnh 

difficulty encounieretl 1.. trying .0 , .arrow the nmwA car l.quakc .u uvny .s suggested, 

rime of occurrence of future i run. plate be mnluuk In a n.a,u r snvnuc event 0 

events. Another study of Quaternan' l«uhn« vulr.tu.sm ... In l .mg \ alley regum was 

hns led to the conclusion that the familiar discussed l»y IliU. with s|«eital auet.uon to 

recurrence relation, lug S ! = u-bM, between i««il tiR-ilui.i.s.ns ul some »l theeunhqua 

cumulative ..umber of earthquakes with he l.rst uuhh.ii patterns do not hi a sin., 

magnitude greater than or equal to M a"d ‘biuplc couple patten., and various 
the^ magnitude, works for all or the seismicity explain", nos were- .diet ed ami aired 

in a relion, but not for activity on mi si.liseq.u-mlv m mme detail at the AGU f 

individual fault. Mccinig). 

Kanamori addressed the question of the 1 be amli.tums Japanese pi «, gram of rac 

possibility of the occurrence of a strong t.lise. vatn.ns was tlcsmtal by Wakna. So, 

earthquake in a subduction zone at which ‘25 sites aie m. 1 . pied by I nkyii University 

voting lithosphere is being slowly subducted. die National Rescan li ( enter for Duastei 

He tested an empirical rclauon between Prevention, and the < .eolngtt al .Survey of 

earthquake magnitude, age of subducting Jap»m. Meteoiologira! I actors and noise 
seafloor and rate of convergence for an “end produced hy pumping nearby wells serve 

member" event, the earthquake of May 26, ohscurc possible pret tirsnry changes in tfc 

1983 oil of the coast of Akita Prefecture, in radon concemiaiion. I he most entuurag 

tlie Sea of Japan. The fit of this event to the signal seen yet was the simultaneous diar 


relationship has led him to speculate about a 
the possibility of a very strong event. M8-5. in 1 
the zone of subduction of the Juan de Fuc.i c 
Plate under Washington and Oregon. The t 
interevent time for such an event, which 1 

seems to be hundreds of years if it could s 

happen at all, depends strongly on the ! 

fraction of the relative plate motion that I 

occurs as seismic rupture rather than uscismic 
slip. ! 

Aki expressed optimism that a theory of < 
earthquake prediction is about to emerge, in 1 
which tectonic loading rates, the friction law 
for faults and the distribution of 
heterogeneities along the fault surface 
(asperities and barriers) would all be taken 
into account. He emphasized the value of 
observations of changes in attenuation 
revealed by changes in the rate of decay of 
the codas of local earthquakes as evidence of 
the changes in the distribution of small-scale 
heterogeneities and therefore as an 
important, precursor. 

Estimates of probabilities of occurrence of 
great earthquakes along various portions ot 
the San Andreas fault developed 
independently by the Lament group and by 
the U.S.G.S. were reviewed. There is strong 
agreement that an earthquake in the M6.5 
range is highly likely in the Parkfield region 
in the next 20 years, and the most likely place 
for a great earthquake in the next lew- 
decades is along the southeastern portion of 
the 1857 break. Isliibashi has proposed a 
“West Sagami Thrust.” along which slip 
occurs with great regularity at about. 70 year 
intervals, the last being in 1923. He 
postulates that slip on this plane precedes 
great earthquakes to die southwest, along the 
Suruga Bay thrust. His conclusion is that a 
large earthquake will occur on the West 
Sagami Thrust in the 1990's, followed by llic 
expected great Tokai earthquake within a few 
years. 

Ishibashi also introduced to the seminar an 
idea recently proposed by K. Nakamura: the 
plate boundary between the North American 
and Eurasian Plates passes through central 
Honshu, possibly along the Fossa Magna I 
Localized deformations of the crust, 
observable by a variety of techniques, may be 
the key 10 future earthquake predictions. 
Geodetic methods for earthquake dynamics 
range from conventional surveying 
teclmic|ues through a variety of instruments 
for point measurements (till, strain, gravity) 
to space-based observations using long 
baseline interferometry and laser ranging 10 
satellites. Most of the papers in this area 
emphasized measurement techniques rather 
than examples of field data. Y. Hnghvara did 
discuss the dependence of the rate of change 
of gravity with height on the mode of local 
uplift. M. Zoback related in situ stress 
measurements near the faults to observations 
of crustal deformations and associated 
seismicity. 

Monitoring local seismicity has been one 
activity in prediction research for years. The 
series of papers on this subject emphasized 
efficiency of the operation, with digital data, 
rapid data transmission, and automatic event 
location as key elements in modern practice 
in hoih the United States and japan. 

Case histories or precursors are still the basis 
of the search for a practical prediction 
technology. Examples of precursors, some 
well documented, others mote speculative, 
were offered in reviews by Yamakawa, Mogi, 
and Wyss. Quiescence as defined by Wyss, or 
Mogl s gap of the second, is still a promising 
c precursor that is derived from the analysis oF 
an earthquake catalog. Strain events, b value 
changes, and earthquakes swarms or clusters 
liavc all appeared as anomalies prior to larger 
events. Wya has put together a carefully 

11 STtS “5? °!> nu mber of precursors to 
Uie 1975 Hawanan earthquake. This may well 
.e &e the best case of observation of . 

simultaneous precursors with enough back- 
up informauon to provide a basis fot 1 
understanding them. At the same time. Wyss 


higltci lcmpri.il tm a rr-qKUisihk- lor the 
.uiouuilio. fir* amt- it h reused )kir- pressure 
has been iiNMtriun-ri with itu reused seismicity, 

,m association ul luwt-m! resistivity with 
increased (-.ml uptake .ictivity is suggested. 

1 lie iiutliHik I'u 1 a major seismic event or 
Ynlrjuism in the Long Valles region was 
diseased hy Hill, with s|»eii;il .mention to the 
local meihanisms of some ol the earthquakes. 
The first huh ion pat terns do not lit a simple 
dnuplc uuiplc | latter n. and various 
explanations were (dieted (and aired 
subsequently in mote detail at the AGU Fall 
Meeting). 

The ambit ictus Japanese program nf radon 
nl kci various was dest rihed by Wakitn. Some 
25 sites aie on 11 pied hy Tokyo University, 
the National Rescan h Center for Disaster 
Prevention, and the Geological Survey of 
Japitu. Meteorological I actors and noise 
produced hy pumping nearby wells serve to 
ohscurc possible pret ursitry changes in the 
radon conceit it ul ion. The most encouraging 
signal seen yet was the simultaneous diange 
at three wells prior to a Ml! event in August 
1983, at distal ices of 80, 15(1, and 166 km. It 
cannot he c laituc-d that luclcui is a highly 
reliable precursor. Com imams hydrogen 
measurements for prediction have been 
started hy M. Sato, ami he showed some brief 
hydrogen spikes Indore some earthquakes in 
Long Valley. 

Four papers on various aspects of the 
snciolugical and public policy aspects of 
earthquake predictions mid their potential 
use in earthquake preparedness programs 
were offered. Of particular interest is the 
work of a committee o! the Earthquake 
Engineering Research Institute of the United 
States in trying to learn the lessons offered by 
Japanese experience with the Large-Scale 
Earthquake Countermeasures Act of 1978 
aiul the v, u ions kinds of responses and 
preparations being made in uiuitipaiion of 
the projected great earthquake in the Tokai 
district. 

An impni iaiu lesson ft oiti tills seminar die 
value to any group of scientists of taking rime 
out in synthesize the results nf its recent 
work. We do mo little of this, as we push 
ahead eagerly in the next step. The American 
participants certainly learned much front the 
carol idly prepared summaries and reviews 
delivered hy their countrymen, nominally lor 
the benefit ol I fie Japanese colleagues. 
Presumably, the Japanese attendees also 
learned trom their c lose assuriates as well a* 
from tlie Americans. Earthquake prediction 
is a lough problem in eat ill physics anu 
chemistry. We are making progress, and the 
work done in the (« years since the National 
Earthquake I la/ards Reduction Program 
started iit the United States is paying off- 


This weeduR refmrt woa contributed by Carl 
Kisslingcr. Cnopemtiw Institute for Reset vthv 
E nviron mental Sciences, Vnnvrsity oj Colomo 
Bouhler, Ihnddrr, (it) RU3W. 



1984 Top Sponsors 


Nine hundred seven- , 

ty-cighi new members Jjf A ♦ jf 

have been elected in the lV ** 
first 5 mom Its of 1984. * 

The top sponsors, AGU •{< ” 

members sponsoring jf * 

three or more new 

members, are listed be- + JL * 

low. 

Ten Members: Robert 
Smith . , 

Seven Members: Soroosh Soroosn 
Six Members: A. Ivan Jolthson, J°i ,n 

Four Members: Neville L. Carter, 

Geller, Lawrence L. Malincontco, J r *» 

A. Rapp, Urlto A. Uotila ..mnit, 

Three Members: Thomas P. £ 

David L. Freyberg, D. P. Hajela, 

Hodgson, Attila Kilinc, Thom** V. . 
David F. Reid, Sizuo Tsunogat, Wilh»o» 

Wise 

AGU Membership 
Applications 

h be« n 

Applications for membership ^ 
ceived from the following indl , n ^‘no 5 fd 
letter after tlie name denotes rite P lw r r ^ 
primary section affiliation. 

Regular Members JaAdir 

.Michael A. Arthur (O), jt.-Bsf* ' 

/rm n u Dniiau'fAt. Herbert^- i rt . 


STTqw ? rCCU Jf < l‘'w ‘ m lhe dala ^ vaiUblc - (H). Wesley R. Cofer (A), P, QeoW Hi) | . 

A Ar.. ?K 9 2 m . P?ri f Val l c y earthquake. : ; .(V), Frank Geichell (H), Mary, Louise 

Although electrical resisuvily and ' <V). ' ' 

h?VC n ° l P ro ! ldcd David Jacqmin (A), lean Jo'^Hid ^ 

thev ale Ki ^wood (A), DevenJra U Or*. ; 


IiIms been T^^Ample4.UiM tl|e.*i .• 


June 12, 1984 EOS 


kan (T), Stephen Perry (T), James N. Pitts 
(A), Walter R. Ruest (T), Faiooq Slmricl' (S), 
Tom J. Temples (T>, Wins vail Datlscn (H), 
Robert M. Winglee fSS). Vosliizuini Yirsnda 
(O). 

Student Status 

Teresa Alwill (V). Martha M. Ballard (GP), 
Lee Frost Bargatzc (SM), Ricltaid Bingham 
(V), Gerald Burkett (O), Jose Antonio Chajun 
(T), Rolin Chen (O), Patricia Dawson (P), Wil- 
liam C. Dennison (O), Ruben Evcland (V). 

Susan Gawjirccki (T), Scott J. Clash (V), 
Steve Gonzales (S). John Ralph Gould (GP), 


Lettvin (S). David Lmve (A). 

Tina K. Mastcisun (V). Cestjun McFarland 
(H). Cynthm L. Moore (P), Peter Mullen (A). 
Greg Naugie (GP), Jane Vedrick (V), Ross 
Lf -u. es ( ° K Ulclle A. Mhmn tO). Loren 
Phillips (P). Miltun L. Pierson (V). Grcichcn 
rrotznian (T). 

Tinuavhy E. Richards (S). Julia W. Richard- 
son (O), Mary Rmvc iS). Mary C. Storelal (O). 
George E. Sullivan (V), Roger Waters (S). Pe- 
ter Wijcock (H). D. Sam Williams (H). Donna 
J- Williams (S). Mike Wupai (V), Dirck 
Enteric Wue liner (T). 



\ s' 

Mtswa; 

K ; * 5- ■ ■ 


AGU 

Fall Meeting 

ASLO Winter Meetin g 

Civic Auditorium, San Francisco 

m Larger Than Ever 

■ More Exhibitors 

■ Poster Sessions 

■ Convenient Housing 

For Details See April 24 EOS 


Separates 

To Order: The order number can be 
found at the end ot each abstract; use all 
digits when ordering. Only papers with 
order numbers ate available from AGU. 
C<Mf;$3.50 for the first article and S 1 .<J0 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


Electromagnetics 

C 112 biote Sens tna 

01UMN. VARIATION^ OF ATMOSPHERIC NITRIC OXIDE: 
ttOVU-BASED INFRARED SPECTROSCOPIC WASuREMEHIS 
AMI THEIR INTERPRETATION WITH TIKE- DEPENDENT 
PHOTOCHEMICAL FODEL CALCULATIONS 
£. P. R In* I erd (NASA Ltngley Rewired Center, 

Milt Slop 401A, Hircplon, Virgin I i 2)666) ». E. 
Baughner. J. c. Ltrsen, fi. h. Stokii, end J. «. 

Brjull 

loti! utrtlctl column uiourLt of W hove bem 
Oirlved froa Infrared tolir aosorpiton spectra 
raefrdad (liar junrln and aun-tel »lth the 0.01- 
«*’ resolution Fourier transform Interferometer 
it the National Solar Dbsorvatory on Alts Pea' 
(■lent Ion J095 m, laLttude 31.9* NJ on February 
-3, 1981. The results show an Increase In NO 
concentration In the morning, late afternoon 
viluas about 40t higher than In the worn Ing, and 
I Oacreasa In NO concentration prior to sunset, 
lit meaiiired ulurna) changes in the total 
iirllcal column amount are compared with values 
obtalnad from time-dependent photochemical 
calculations. 

of th9 Ataosphare 

wSe JSS!"!!? * »HWWE«IC NITRIC OXIDE: 
aOUNP-«5ED IHFRARED SFECTR05COR1C MEASURE ME»!«. 
S-JNrif IRJERPRETATION WITH t|lt-DEPEMC'ENl 

PHOTDCHEMICAL fddel calculations 
5m 0773 Remote Sensing 

J- Rea., D, P«p. r ^00787 

07J1 aeeweg Seoelo* 

of huisturf PISTPIPUIIONS 
IR nt^lTPEP SOIL PROFILE 

lAnronoa, Deparciiwnt, Univarrwltv of 
J “ Bl Fay 0 Hoy 1 1 lo. AR 72701). <T. b. Itanc.-cV, 

«■ f- *eosi, and J. A. Pnnri 
. . or * ,gr ^ “18 field exparlnentn wore condutivJ 

I". '?"«** I «*l* ‘ho abCIliv ol Blcroutva rowto 

•m n* , rlltB g ro dtt#ct , h> bio l ■ t u re wtolun t.( 
iur> ohriipl clungoa In eolw- 

no,r ll ® ■wf«ce. Rof UectvUv nca- 
lho, ° pcotllnn wore MJa wlU. o bl- 
r „ ‘j joctoaotor oparaMiiR .»vcr chw Trequancv 
In th- ? J t0 * CMl » nl A to 8 C-lli. Muanuromi-ni < 
la,.r . J, r ‘ ,ory had I'"* 1 earuemenc ultl> a iw- 
^ wciRCIvlii model. Hanwureiancn In lhe field 
ralaiBriTf ■»f*e m «nc wllh a Tlvu aepmerc linear 
lha T1,# “ d ht v dn “ha<l l>» ontlmacc 

CavuAri, ,° r within tho bnru noil, 

-wrauen, drying well, water concent, radar), 
car taaour. 8ea., Papor 4 W 0478 

Seismology 

»lflL *^“ i0 Sooreoa 

“ ID C1 ' AMCT *NIBTrC EARTHOUMUl 

0. , a*,. K ™« KASA-ra Ann anu avorub paow toww 

■ala« |Ha conaoltanta, Oon 

1. j. * nfl 

AnariM*!!!!?? 109 * 0 * 1 -lata for the Haiatah ana San 

*"** 1*1 to the rovMlaticn of eha 
Individ ui “ 0 i “ rcA l“'ka nodal, whloh poatulataa chat 
■•■antiuiv Ui! 1 ! nd ,ault ■•flwenta tana to ganeraca 
havioo . or charaotartatlu aarthqnake* 

UT>ly rklrTW ran-T" of ■agnlladaa aaar 
C,,nih Acot-vnla ot aaarp-da rived ooIIuvIub in 

•aUaat., n«oaa eha Haaatoh fault proeldaa 

Indicia uai ,Qd dtaplaoaeiBt aaaoelaead 

« u» ,i!i. L *«ultlng eatOnuakei, At all 

th ' dlaplaoaaant par arant haa 


'Htt iodivld,,., ,Qd dliplaoaeaat aaaoelaead 

of ue li !" ^ aurfoaa faulting earttauakei. At all 

ta, a coreUtairi 41 ? 11 ' th " — t P* r ■«« haa 

I . 1 te 2 thf?*! Matured values range free 

U »U J 1 * • , * , *9a la about 2 ■. <*i tha 

«a mi i UtV ,n ““ ““I"* ol Individual 
•mu neeac. A" aoerp eorphology an] 

•Id» ,k, ... , J lK “Jor aegaanea are raoognlaad 
"“■»*r 0 ( ! Wlt> Nu.a on eha most likely 

nwun«a J event* (IB) that bawa 

161 f*»t a Min S * ,l ' t ' 0t **■ Nat a boh fault seme daring 
COO to Ak'u, * n ■''•Mgs reouzrenoe tote real of 
•alOuUled fn JvT * ZVtdrcnd average of 440 V» la 
Atatrlbuiis- “*■ “Mlea lone, oaologlo data on tha 
•MwT* ••■MUted with prehistoric 
■•SMat of it" 1 * 11 * [,t " along the aoueh-oantral 

1»»T aamJS-*?" f,ult «Wst that tha MB 

Uu * "gnant “ °h**«oUelatlo eavehguakn for 

m— Imew, * “■••rtanne of aarthqnaka reourrenoa 
(•sill baud ""J ? aUl "aaatoh and San Andraaa 

Ansluilo A. c .^i hI,t ? rl0 * 1 «nt«*laltj data and 
Mtripai-.. 1 Un *a* loomtant to-valoal 

caOler e.^i ^ n * jlj,ti ' , a feonrrenM ourva Bros 
01 tf B fkuue^r- Uld * *° * ro ■■ undaraakleatea 
fnrlauo u»kZ» <lowe nnoa of tha large or oharao- 
*• ebs w. r r, U * k **! by aasaelng a low b-valua • . 

!* U « ca0 *“ «n tha ealenlolty 

41 Ce on u “f*2'“ k *a bo reconciled with geolngin 
**f">(u*ke ^_. tth ? u>lt — ■ she aharaoterleelo 
^•iloi g, “ be a fandaeantal aspect of ehs 

fply te Mn , “d Ban Andreas fsclts and say 

** rt *Na«k4a .^115 f *°*“ ■■ wall, (characteristic 

J , '*sialui^ l ^j t< * ,0 * ka recurranew, fault bahavlor, 

laa., I, 4 j 0(S11 ; 

^ J 

JULIko’n?^?^ ] l® n Shock Haven 

focAi depth*™* 10 ™ nw PAH ^tTeRS, state of stress and 

u2 0c * nl 'd1 du^S?. p4r T t,r * R 2 •■«. sMut R Is 
2 *A Wik «toc«j(7 a I » dnnstv 


are properly taken Into account then tha ground aollon 
parameters depend m the sal sate moment M. „ eioected 
froa basic seating principles. That is, 8v a hUJ 1 
and sRa Is independent or earthquake sire.” Regression 
lines fit to observations, covering broad ranges In 
seismic moment and focat depth, indicate that for e>ien- 
sional eng compress! on a 1 tectonic regions, corresponding 
lo normal and thrust or reverse faulting earthquakes, 
respectively, peak acceleration is given by 

Normal: «Ra ■ -1.08 MPa * 3.06 (MPa/kml2 

thrust: oRa . S.65 HPa ♦ 8.76 (HPa/kraJZ 
and tor peat velocity 

Norma 1 : Rv/M^ 3 . )D _4 {m 2 /cecHN-m)' l,3 (3.0Q»0.«9(km‘ 1 )f J 

Thrust: Rv/h‘ / 3 - tD _1 (ra J /secM«-mj' ,/J [d.6J<l.8Z(lm' l )f] 

For Strike silo earthquakes the data currently are In- 
sufficient to define regression fits but such lines 
would definitely lie between those for the normal ana 
thrust stress regloes. These equations are appropriate 
for ground motion at small hypocenira I distance as re- 
corded In a whole space. It foil oms that for comparable 
hypocenlral depth, poll acceleration in a compross'onal 
tectonic regime, for e> ample, much of the eastern United 
States, ts a factor of abouL three greater than in an 
e> tent tonal regime, such as Nevada, and for peak veloc- 
ity a Similar coaparlson yields a factor of t«o differ- 
ence. The similarity in behavior of the peak accelera- 
tion parameter to crustal strength, estimated Iron Byer- 
lee-s law of friction, with respect to depth and stress 
slate, indicates that crustal strength Is probably the 
factor governing the seismic source processes that give 
rise to (he high-frequency Peak ground motion. Analysis 
of the oeak acceleration data lr> the conievt of crustal 
strength suggests bounds on this ground motion param- 
eter, as recorded at a typical surface site, that depend 
on stress state; specifically, a (normal id.! g and a 
(thrust) 1 1.9 g. Thus, the state of stress, as welTas 
focal dopth, clearly is an Important factor to bo taken 
Into account In the prediction of seismic ground notion. 
I. Caophyu . Rwb, , I, Paper CBObOb 


Social Sciences 

7)11) Uononlca ifwJoral wacwr pr»]dtt|i 

cosr SHARIN', Ul fH HR I CAT &0 AcRICULltIRE ! PROhlSL TU&US 

PEAK-MCAIiCE 

D. R. Franklin ana R. S. Hjgvcwn m'eoaomtra Mpariaaac, 
San Plago Stacw Unlveralty. Son Olago, California, *2182) 
Financial data from varteua fadtral watar proJarLa la 
analyaad ta dotamlna tha lAteat nf the davlatlnn 
uwlwccii projected prlvjtw uaoi Ilutrlna jnd J-iuJl 

pavmonia oollactwd. Evidence la proaented which ahowa 
that Irrigate! agriculture ll heavily aubpldlied not 
onlv with reaped la capital expenditure! but ilea far 
operation, oalnienanca end roplacaaont caata. The lunar 
remit la oapicial Iv aurprlalng alnca agricultural uaera 
aro required co pay 10-)X of their allocated abate at 
annual vttAA caata. Stnca actual u»»r pevaenl* are found 
Lo fall fat ihart af moia project >4 in water project 
feoillbllty raporta, raaaons far rba davlacloa era 
explored. 

Water Reaour. Hal. , Paper 4WD646 


ZTi l* Peu acceifti.ri * J*'** 1 *^ ) 'H 

7* «frcne f u - •“® l *«tlcn. are found observatlonally to 
14 ,tp «« IlnwrlF related 

*• ,f *tr«si stats and focal depth ’ 


Solar Physics, 
Astrophysics, 
and Astronomy 


7720 Electrmagnetlc Radiation 
SOLAR ULTRAVIOLET VARIATION BETUEEH 1977 AND 1983 
L. A. Kali (Air Foret Geophysics Laboratory, 
Bedford, HassachuaeCtt, 0)7)1) and G. P. 

Anderson 

A fifth measurement of tha solar ultraviolet 
frradlance at 40 ka (n the stratosphere has been 
added to four earlier ones. It confirms the 
pravlouily published conclusion that ihotospherfq 
solar Irradlancs In the range Z3SO-2870A hat b«» 
essentially constant during the Current solar ac-. 
tfvtty cycle. Chromospheric amissions seen In 
th« Mg|] line cords increased Airing rising ac- 
tivity and decreased again is the activity de- 
clined, (Solar ultraviolet, solar irradlanca, 
solar variation). 

J. Omophya. Rai., 0, Fspec 400405 


Tectonophysics 


BIBO Plata Teolonloi _ ... 

FACTORS AFFBCTINC SEISMIC M DU ENT RELEASE RATES IN 
SUBDUCTION ZONES „ , 

Brie T. Petirion ( Dapnrlmunl of Oaophyaloi, Stanford utever- 
■lty, Stanford. Cnllfomfa, M 3 06 ) and TbUuio Senu 

Th* amount of ahaDotr ailamlo aollvlly In mbduollon 
som* varies era ally from rwjlon lo ration. Be qu»nU|f Ihla 
■aliralolly by oaIoid*Un| aelnnla moment ralouo ratal and 
Bolimla dip ratal for S4 aubduoUon »onas To celsolila tha 
rnnmanl roloaio. w aura tha aalamla momant tor all Inlmr- 
Plata thrual-lype ivante with aurfaoo vrava majniiucia 
y, at 7.0. ooourrlnt from 1604 lo 1680. No pravart ■l™ 1 *' 
b la lory plot of tbo aalamto mominl ralaaia lor aaoli aubauB- 
Uon lono; Uioia oitdblt Un dlHoronnaa In Uia ao|iiiuo raleaa* 
paUama. For aubduoUai *oro* whir* Ilia time mlnanr of our 
itudy la nol raproaentatlvo, Uia lolal moment roloaaa la 
aorroolad uilna information on ropaal Uma» The momunl 
raleaa o rataa aro oompartd with varlou* aubdocUon pnrann- 
Uti In order lo dolermtoo whloh foctora InBuanne lio degroa 
of oouplina. Thaom pararaolara tnotnda Iba a*a of Uia aub- 
dndUng Hthoaphace. ahaotuU voloolLU* ot Iba “PffT *“! lut> ~ 
duollng platoa, oonvorgonoa valoelly, and lonidi, maiimuiii 
depth, and dip of the BodaU-Benlofl lone. • 

Th. ntomonL ralaaia ralo davataai aa tha *■■ rf 

duollng Ulhoapbara tool whaoaha ion.. baloo|lngtoB 

rimla vubduaLlni plate are oonridarad. Tula B|a-variUB- 
momonlrraleua relaUon U qonalataol »or Uia ion*» 
tha Paatfto, Coboi. PMUcpIna Sat. and Indian plalra ar* auh 
dusting. Hit moment reUaoa ratal tor lh« 

In vbleb tha P.olflo plate la .ubduoUr* arm. muob Ihan 

for tomi nf oUiir pUU> -Wi rinHIar age. Tb a (gww^ 
momonL-ralaaba r.UUon hold, among “>•*?»•• bS 

to miB ui bd no Una pUia; howovar. aonaa wlLb almflar 
balMmlna to dSranl pUtn. do not kayo U.» mm 
rolaaaa relak Ttda adggaiLa ibat allhto a alngla plole. tta ' ■■■ 
to tha domtoaUng faolor afTacUng lb* alranglh ot ■•^f ’ 1 
pUng. but that oaoh rial. -■ • iMh haj . oharaolori Do 
ma?l ralaaip budg.L 2 oo«. -Uh r^raattog 
lo ban hwar nunva.il ralaaaa i ila*. The rmmaal r^ara 
raU doaa not Inflroaaa pith bn. i toll bo on valoelly; ™* Un P™ 
retaUo«.Up Was found balwrOU 

Riotoanl relaan ratal dapand nm*l ofanriy on U’. WO of Urn 
■ubdoollng BUioiphara and tba obaUhiU " 
plole. Thfae mlhf l«^ Indoprtdmii - 

■tara among .the varlablai oqnaWerad Tba erthar raitobltB 
dapand' on Ibaaa LIO paromoiara.' 

J. OaoPhy*. Ma.', B. Fapat 4 B 060 B 


8130 Teotonophyataa (Plata Taotoolas) 

FLORIDA: A JURASSIC TFANSF0KH PUTE BOUNDARY 

Fla D. Klttgord <U.S. ecological Survey, Vooda 
Hole, HA 02343!. Pater Popanoa and Hans 8ohout»n 
Hagnatlo, gravity, aelanle, and deep drill- 
hoi® data integrated with plate tectonic 
neonatniotlona aubatantlata the axlatanoa or a 
tranafjrm plat* boundary aorosa i out bom Florida 
during tha Juraaalo. On tha Mila nr this 
Integrated suite or data, tba pra-Crateoeoua 
Florlda-Bahaaaa region oan ba divided Into Uia 
pra-Juraaalo ilortb Imarloan plate, Juraaalo 
nargtnal rift baelna, and a broad Jureanlo 
tranarora con* Inoludlng acrendod blooks or pra- 
Keaosolo oont mental oruat. Major tac tonic 
unit! Inaludai the Palaczolo Suuennaa baaln In 
northern Florida, a central Florida Paleosolo 
baaraent ocnplai, tha Heat Florida platfora 
oemposod of stranded blocks of eanttrenta) 
crust, tha Lata Trlaaslo South daorgla rirt, the 
Late Trlaaala-Jurasalo ago Apnlaohloola rift 81 iu PI -' la tdcionlca 

basin, and tna Juraaalo-age south Florida, RFD-ir JtiVLHtNrs ilF mi: iu.vi nt fl'CA iiaTI ays mi 

Bahama , and Blake Platoau oarglnal rift *.’blu bld.lil.nuxli ip.il ii |r newu lent v I'rncri-, B.„ 

baelna. Tbo na Jor tootonlo unlta are bounded by Ci'iofl, SMiiov. i.r. V8i. 41), ifemdu) 

baaeoent hinge tones And Creature icnns IPS). AiuLvulw uf ih. aiKiinlL- .in-no I Ira .if Hit lujr dr 

The b.eeaent hinge tone reprowonts the bloov- F U(J plmn avitltn all-iwa luat jni-in.'.'ua p.lr» nf rrl- 

fauHod edge Of the North Aserloan pitta, ativo ml.iilon l„ bi> Lalcul.il.-J t-.r ih<> l.mi f Mj. 

■■panting Falewolo end older orujtal ro-iks Tlw rwanltlng plaiv n-.i |.<n wrquen.-e «h..ut ikn feuvli 

froa Juressto rifted oruet beneath the onrglnal , Jb»..|iilL-' mil.™ cn.k nutlune rol.u Ivw in .ViorU.i 

baslne. Fraoture zanoa e« para to Haaoioln aro ch.ireui.-r lied by wlumir vrlv-.lilra uhnn- vounp- 

narglnal sedtaemery baaln. and Include tho or a.uwrlal aniori ihv aubdu. i i,-n tovu - 'rlvoiinx 

Blake Spur FI. Jacksonville F7. Bahamas F2, and auhkiul ton’ . The rc-a Ul nuev pruVlJo.1 by ll., ynimii- 

Cuba F2, bounding th* Blikt Plateau, Behaaaa. owi [-- » r 1 1 ■ ,n of the runn Ju ru -i ptoiv ..pp.m-ni ly 

South Florida, and southoaatwrn dulf of Kevloo rniultL-J In [la Jal.u Itivitl at 4 Kt B.p. a. i he 1 n.lt.— 

baalna. The baluoa. FZ ta tha coat important of pemlc-nL tcplorvr plate. Hvl.iilva t.< ilw lyt-api.i 

all thasa rsaturoe beoauaa Its northwoit fraTiamirt. chi, i-l.io* uln.-at Irjn-dl.iiwlv bry jn i, 

axtanalon coincides with the ijulr ba.tn marginal rocaie lImIvIh nhi.it n p..le clue.- |,< iiaulf vuri, 

fault tone, forming the southern edge of tha Hwat lie iroi.el.ii l.mnl cowu-.ont Ini o the momla 

North American Plato during tha Juraaalo, The vlrlu.illv cu-aecd. Afi.-r . m h.r. , |1„- i,-n.ilnd.-r 

Halted apace between the MorUi Aserloan and th. vr the iiui» dr Fuci pl.it.. id | um .-.I In r.-i l--n in 

South Abo r I oan 'A Tr loan plates requlrop (hat the roap-new co cite- ficl chat tliv >.nuii;..i ouiiuilel l-ii- 

Jurasato tranefern acme, oonniotlng betuoan the cuilni; ih., .uMuitlnn zuiu- win n-,w t» ii„ -a.iuih. 

Central Atlantld and the Oulf of Hoalco C l un n -« I-im, 'vigiwi i.- .in.*ii| |.„, ..mdu, i l-n. i 

spreading aysKw. uaa l -ca'.rd between the J. Ceuphya. Pea., U, P.ipur iB0686 
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Bahtoaa and Cub* FZ’a In tha regLan or sou l him 
Florida. Our plate ra->ojiatnji3tlona ocobLned 
with Dhrono-atntl graph to and ItthOBtrat Igraplllc 
lnrcratton for the Ouir or Hexloo, southern 
Florida, and lhe Bahama l ltd laa La that tha Chiir 
was OMltd off rrea tha it Ion tin watera until 
Cnllovlan time by on elevated Florida -Behaaaa 
region. Raatrloted Influc of watera started in 
Callovlan on a plat* reorgnn lint Ion and 

Increased plate aeperatlon batweon riarlh Aaerlaa 
and South Oner loa /Africa proluood waterway. Into 
tha Oulf of Hell-xi fru tba Pantrin and poeilbly 
f roc the At lent to. 

(Nagnatlo inocallea, gravity anoaallas, drill- 
hole Mala, plate resonatruDtlona). 
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